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(54) DISPLAY AND ELECTRONIC APPARATUS USING THE SAME 



(57) An upper polarized-light separator 300 is pro- 
vided on a SIN liquid crystal 143 to provide a display 
device using a polarization-changirig optical element 
with a display device which produces a bright display. A 
light source 190 is provided between the upper polar- 
ized-light separator 300 and the STN liquid crystal 143. 
Plane-polarized light 191 parallel to the drawing passes 
through the upper polarized-light separator 300. Plane- 
polarized light 192 perpendicular to the drawing is 
reflected by the upper polarized-light separator 300. 
goes towards the interior of the liquid crystal display 
device, and passes through the upper polarized-iight 
separator 300 to be emitted towards the observation 
side after repeated reflection in the liquid crystal display 
device, resulting in a brighter display. 
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Description 
[TECHNICAL FIELD] 

The present invention relates to display devices and 
electronic devices mounting the display devices. In par- 
ticular, the present invention relates to a reflection-type 
liquid crystal display device and an electronic device 
mounting the reflection -type liquid crystal display 
device. 

[BACKGROUND ART] 

A typical conventional liquid crystal display device 
using a polarization-changing optical element, such as 
a twisted nematic (TN) liquid crystal or a super-twisted 
nematic (STN) liquid crystal, which rotates the polariza- 
tion axis, has a configuration in which the polarization- 
changing optical element is sandwiched between two 
polarizers. It therefore has a low light efficiency and, in 
particular, a reflection -type display device has a dark 
display. 

For the purpose of displaying in the dark, a trans- 
f lector is provided below the liquid crystal display device 
and light is illuminated from its lower side . The use of 
the transflector causes a considerable amount of shad- 
ing of the incident light, resulting in a dark display. 

It is therefore an object of the present invention to 
provide a display device with a bright display, which 
uses a polarization-changing optical element. 

[DISCLOSURE OF THE INVENTION] 

First, the principle of the present invention will be 
described with reference to Figs. 1 to 12, 

Fig. 1 includes cross-sectional views for illustrating 
the principle of the display device in accordance with 
the present invention. Figs. 1A,1B.and 1C are cross- 
sectional views for illustrating the principle of the display 
device in accordance with the present invention, 
whereas Fig. ID is a cross-sectional view of the princi- 
ple of a display device for conrparison. Figs. 3 to 12 are 
cross-sectional views of the principle of the display 
device in accordance with the present invention. The liq- 
uid crystal display device in these drawings is shown to 
illustrate the principle of the present invention, hence 
the present invention is, of course, not limited to the liq- 
uid crystal display device shown in these drawings. 

Referring now to Fig. 1 D, the liquid crystal display 
device for comparison uses a polarizer 135 as a polar- 
ized-light separator at the observing side of the liquid 
crystal display device (herein after referred to as an 
upper polarized-light separator). The polarizer 135 
transmits plane-polarized light from a light source 190 
parallel to the drawing towards the observation side but 
absorbs plane-polarized light perpendicular to the draw- 
ing, hence the display from a light source 190 is dark . 

In contrast, in the display device in accordance with 



the present invention, as shown in Fig. 1 A, a retardation 
film 141 is provide on a glass substrate 142 for holding 
a STN liquid crystal 143 to correct coloring generated in 
the STN liquid aystal 143. Also, an upper polarized- 
5 light separator 130 is provided on the retardation film 
141. 

The upper polarized-light separator 130 includes a 
(1/4)^ plate 132 and a cholesteric liquid crystal layer 
134. The cholesteric liquid crystal reflects circularly 

10 polarized light having the same wavelength as the pitch 
of the liquid crystal and the same rotation direction as 
the liquid crystal, and transmits other light. For example, 
using a levorotation cholesteric liquid crystal with a pitch 
of 5,000 angstroms for the cholesteric liquid crystal 

15 layer 134, the element is obtain, which the device 
reflects left-handed circularly polarized light with a 
wavelength of 5,000 angstroms and transmits left- 
handed circularly polarized light with other wavelengths 
and right-handed circularly polarized light. Further, by 

20 using the levorotation cholesteric liquid crystal and by 
varying its pitch over the entire wavelength range of vis- 
ible light in the cholesteric liquid crystal, the element is 
obtain, which the device reflects left-handed circularly 
polarized light over the errtire white light region rather 

25 than monochrome light and transmits right-handed cir- 
cularly polarized light. 

In the upper polarized-light separator 130 com- 
posed of a combination of such cholesteric liquid crystal 
layer 134 and (1/4)X. plate 132, plane-polarized light of a 

30 given first direction incident on the (1/4)X plate 132 is 
converted to left-handed circularly polarized light by the 
(1/4)^ plate 132, reflected by the cholesteric liquid crys- 
tal layer 134, reconverted to the plane-polarized light of 
the given first direction by the (1/4);. plate 1 32, and emit- 

35 ted. Plane-polarized incident light of the second direc- 
tion perpendicular to the first direction is converted to 
right-handed circularly polarized light by the (1/4)X. plate 
132, and passes through the cholesteric liquid crystal 
layer 134. Light incident on the upper side of the choles- 

40 teric liquid crystal layer 1 34 is emitted towards the lower 
side of the (1/4)X plate 132 as plane-polarized light of 
the second direction. 

As described above, the upper polarized-light sep- 
arator 130 composed of a combination of the choles- 

45 teric liquid crystal layer 134 and the (1/4)X. plate 132 
functions as a polarized-light separating means. The 
polarized-light separating means transmits the plane- 
potarized light of the second direction among the light 
incident on the (1/4)X plate 132 and reflects the plane- 
so polarized light of the first direction perpendicular to the 
second direction. Further, for the light incident on the 
cholesteric liquid crystal layer 134, it emits plane-polar- 
ized light of the second direction to the side of the (1/4)A, 
plate 132 . Polarized-light separating means having 

55 such a function, other than the polarized-light separator 
130 which comprises a combination of the cholesteric 
liquid crystal layer and {1/4)X, plate 132. include that 
using a multilayered f ilm (USP 4.974,219). that separat- 
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ing the incident light into reflected polarized light and 
transmitted polarized light by means of Brewster's angle 
(SID 92 DEGEST. pp. 427 to 429). and that using holo- 
grams. 

Again, referring to Fig. 1 A, plane-polarized light 191 5 
parallel to the drawing from the light source 190 is con- 
verted to right-handed circularly polarized light by the 
(1/4)X piate 132 and passes through the cholesteric liq- 
uid crystal layer 134 towards the observation side. On 
the other hand, plane-polarized light 192 perpendicular io 
to the drawing from the light source 190 is converted to 
left-handed circularly polarized light by the (1/4)X, plate 
132, reflected by the cholesteric liquid crystal layer 134, 
incident on the (1/4)X, plate 132 again, converted to 
plane-polarized light perpendicular to the drawing, and is 
travels towards the interior ot the liquid crystal display 
device. Since the interior of the liquid crystal display 
device includes various boundary faces having discrete 
refractive indices, the plane-polarized light perpendicu- 
lar to the drawing is reflected at such boundary faces 20 
having discrete refractive indices, for example, bound- 
ary faces between air and the retardation film 141 and 
between the retardation film 141 and the glass sub- 
strate 142. and emitted towards the observer through 
the upper polarized -light separator after repeated 25 
reflection in the liquid crystal display device. Thus a 
brighter display is achieved for the display using the light 
from the light source 1 90. compared with the case using 
a polarizer as the upper polarized-light separator. 

Referring now to Fig. 1B, the upper polarized-light so 
separator 130 is provided with a (MA)X plate 132, a 
cholesteric liquid crystal layer 134, and a (1/4)A, plate 
136. 

In the upper polarized-light separator 130 including 
the {1/4)A, plates 132 and 136 with the cholesteric liquid 35 
crystal layer 134 therebetween, plane-polarized light of 
a given first direction incident on the (1/4)X plate 132 is 
converted to left-handed circularly polarized light by the 
(1/4)/. plate 132, reflected by the cholesteric liquid crys- 
tal layer 134. reconverted to the plane-polarized light of 40 
the first direction by the (1/4)^ plate 132, and emitted. 
On the other hand, incident plane-polarized light of a 
given second direction perpendicular to the first direc- 
tion is converted to right-handed circulariy polarized 
light by the (1/4)X plate 132, passes through the choles- 45 
teric liquid crystal layer 134, reconverted to the plane- 
polarized light of the second direction by the (1/4)?. plate 
136, and emitted. For light incident on the upper side of 
the (1/4)X, plate 136, plane-polarized light of the second 
direction is emitted towards the lower side of the (1/4)>. so 
plate 132 . 

As described above, the upper polarized-light sep- 
arator 130 including a combination of the cholesteric liq- 
uid crystal layer 134 and the (1/4)X. plates 132 and 136 
is a polarized-light separating means which transmits ss 
the plane-polarized light of the second direction among 
light incident on the (1/4)X, plate 132. reflects the plane- 
polarized light of the first direction perpendicular to the 



second direction, and emits the light incident on the 
(1/4)?^ plate 136 towards the (1/4)X, plate 132 as plane- 
polarized light of the second direction. Polarized-light 
separating means having such a function, other than 
the polarized-light separator 130 including a combina- 
tion of the cholesteric liquid crystal layer 134 and the 
(1/4)A, plates 132 and 136. include that using a multilay- 
ered film (USP 4,974,219), that separating the incident 
light into reflected polarized light and transmitted polar- 
ized light by means of Brewster's angle (SID 92 
DEGEST, pp. 427 to 429), that using holograms, and 
those disclosed in laid-open international patents 
(W095/17692 and W095/27919)as a reflective polar- 
izer. 

Referring to Fig. 1 B again, the plane-polarized light 
191 parallel to the drawing from the light source 190 is 
converted to right-handed circularly polarized light by 
the (1/4)A, plate 132. and passes through the cholesteric 
liquid crystal layer 134. The right-handed circulariy 
polarized light passing through the cholesteric liquid 
crystal layer 134 is emitted to the observation side after 
conversion to the plane-polarized light parallel to the 
drawing by the (1/4)X plate 136. On the other hand, the 
plane-polarized light 192 perpendicular to the drawing 
from the light source 190 is converted to left-handed cir- 
culariy polarized light by the (1/4)X plate 132. The left- 
handed circularly polarized light is reflected by the chol- 
esteric liquid crystal layer 1 34, is incident on {MA)X plate 
132 again, then reconverted to the plane-polarized light 
perpendicular to the drawing by the {^/4)X plate 132, 
and goes towards the interior of the liquid crystal display 
device. Since the interior of the liquid crystal display 
device includes various boundary faces having discrete 
refractive indices, the plane-polarized light perpendicu- 
lar to the drawing is reflected at such boundary faces 
having discrete refractive indices, for example, bound- 
ary faces between air and the retardation film 141 and 
between the retardation film 141 and the glass sub- 
strate 142, and finally transmitted towards the observer 
through the upper polarized-light separator after 
repeated reflection .in the liquid crystal display device. 
Thus a brighter display is achieved for the display using 
the light from the light source 190, compared with the 
case using the polarizer as the upper polarized-light 
separator. 

Referring now to Fig. 1C, the upper poiarized-light 
separator 300 has a composite structure of two types of 
alternately deposited layers 301 (layer A) and 302 (layer 
B) as shown in Fig. 2. The refractive index (Pax) along 
the X axis and the refractive index (n^y) along the Y axis 
of the layer A 301 are different from each other, whereas 
the refractive index (ngx) along the X axis and the 
refractive index (n^y) along the Y axis of the layer B 302 
are the same. 

As a result, among the light incident on the upper 
polarized-light separator 300. plane-polarized light 
along the Y axis passes through the upper polarized- 
light separator 300 without modification of the polariza- 
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tion direction and is emitted. 

When the following equation is satisfied, among 
light incident on the upper polarized-light separator 300, 
plane-poiarized light along the X axis having a wave- 
length X is reflected by the upper polarized-light separa- s 
tor 300 without modification of the polarization direction: 

• n^x + tg • n^^ = XI2 (1) 

wherein tA is the thickness along the 2 axis of the layer io 
A 301 and te is the thickness along the z axis of the 
layer B 302. 

When the thickness tA along the Z axis of the layer 
A 301 and the thickness te along the Z axis of the layer 
B 52 are varied so that the equation (1) holds over the is 
entire visible light region, the upper polarized-light sep- 
arator 300 can reflect the plane-polarized light polarized 
in the X direction and can transmit the plane-polarized 
light polarized in the Y direction without modification 
over the white light region rather than a monochrome 20 
region. Such an upper polarized-light separator is dis- 
closed as a reflective polarizer in the laid-open interna- 
tional patent (W095/1 7692). 

The upper polarized-light separator 300 shown in 
Fig. 2 reflects plane-polarized light of the given first 25 
direction from the light source 190 back towards the 
light source 190 without modification of the polarization, 
whereas it emits transmits plane-polarized light of the 
second direction perpendicular to the first direction from 
the light source 1 90 towards the upper face of the upper 30 
polarized-light separator 300. Further, the upper polar- 
ized-light separator 300 emits the light incident on the 
upper face of the upper polarized-light separator 300 
towards the light source 1 90 as the plane-polarized light 
of the second direction. 35 

As described above, the upper polarized-light sep- 
arator 300 transmits piane-polarized light of the given 
second direction from the light source 190 without mod- 
ification of the polarization direction, reflects plane- 
polarized light of the first direction perpendicular to the 40 
second direction from the light source 190. and emits 
light from the upper face towards the light source 190 as 
plane-polarized light of the second direction. Polarized- 
light separating means having such a function, other 
than the upper polarized-light separator 300 having a 45 
combination of the cholesteric liquid crystal layer 134 
and (1/4)X plate 132,136, include that using a multilay- 
ered film (USP 4,974,219). that separating the incident 
light into reflected polarized light and transmitted polar- 
ized light by means of Brewster's angle (SID 92 so 
DEGEST. pp. 427 to 429). and that using holograms. 

Referring to Fig, 1C again, plane-polarized light 191 
parallel to the drawing from the light source 190 passes 
through the upper polarized-light separator 300 and is 
emitted towards the observation side without modifica- ss 
tion of the polarization direction. On the other hand, 
plane-polarized light 192 perpendicular to the drawing 
from the light source 190 is reflected by the upper polar- 
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ized-light separator 300 and goes towards the interior of 
the liquid crystal display device without modification of 
the polarization direction. Since the interior of the liquid 
crystal display device includes various boundary faces 
having discrete refractive indices, the plane-polarized 
light perpendicular to the drawing is reflected at such 
boundary faces having discrete refractive indices, for 
example, boundary faces between air and the retarda- 
tion film 141 and between the retardation film 141 and 
the glass substrate 142, and Is emitted towards the 
observer through the upper polarized-light separator 
300 after repeated reflection in the liquid crystal display 
device. Thus a brighter display is achieved for the dis- 
play using the light from the light source 190 compared 
with the case using a polarizer as the upper polarized- 
light separator. ^ 
Next, referring to Rgs. 3 and 4, in the liquid crystal 
device, a TN liquid crystal 140 is used as a polarization- 
changing optical element. The upper polarized-light 
separator 130 including the (1/4)A, plate 132 and the 
cholesteric liquid crystal layer 134 Is provided on the 
upper side of the TN liquid crystal liquid 140, and a 
polarizer 165, a coloring layer 170, and a reflector 180 
are provided on the lower side of the TN liquid crystal 
1 40 in this order. The left side of the liquid crystal device 
Is referred to as an applied-voltage section 110. 
whereas the right side as a no applied-voltage section 
120. 

Display by the light from the light source 190 will 
now be described with reference to Fig. 3. 

Unpolarized light incident on the upper polarized- 
light separator 130 from the light source 190 has been 
described with reference to Fig. 1 A, and a brighter dis- 
play than that using a polarizer as the upper polarized- 
light separator also has been described with reference 
to Fig. 1A. 

Next, a display caused by transmission of unpolar- 
ized light from the light source 1 90 through the TN liquid 
crystal 140 etc. will be described. 

In the no applied -voltage section on the right side, 
the unpolarized light 121 from the light source 190 
passes through the TN liquid crystal 140, and is con- 
verted to plane-polarized light parallel to the drawing by 
the polarizer 165. Part of the plane-polarized light paral- 
lel to the drawing is reflected by the coloring layer 170 
and is incident on the polarizer 165 again. The piane- 
polarized light passing through the polarizer 165 is con- 
verted to plane-polarized light perpendicular to the 
drawing by rotating the polarization angle by 90 degrees 
and then converted to left-handed circularly polarized 
light by the (1/4)X plate 132. The left-handed circularly 
polarized light is reflected by the cholesteric liquid crys- 
tal layer 1 34. Is incident on the (1/4)X. plate 132 again, is 
converted to plane-polarized light perpendicular to the 
drawing by the (1/4)^ plate 132. and goes towards the 
interior of the liquid crystal device as reflected light 123. 
On the other hand, the other part of the plane-polarized 
light parallel to the drawing passing through the polar- 
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izer 165 passes through the coloring layer 170 while 
being absorbed in this layer, is rejected by the reflector 
180. passes through the coloring layer 170 while being 
absorbed in this layer again, and is incident on the 
polarizer 1 65 again. The plane-polarized light parallel to 5 
the drawing passing through the polarizer 165 is con- 
verted to plane-polarized light perpendicular to the 
drawing by rotating the polarization angle by 90 degrees 
in the TN liquid crystal 140 and then converted to left- 
handed circularly polarized light by the (^/4)X plate 132. 70 
The left-handed circularly polarized light is incident on 
the (1/4)X plate 132 again after reflection by the choles- 
teric liquid crystal 134, is converted to plane-polarized 
light perpendicular to the drawing by the (1/4) A. plate 
132, and then goes towards the interior of the liquid 15 
crystal display device as the reflected light 123. 

In the applied-voltage section 110 on the left side, 
the unpolarized light 111 from the light source 190 
passes through the TN liquid crystal 140, and is con- 
verted to plane-polarized light parallel to the drawing by 20 
the polarizer 165. Part of the plane-polarized light paral- 
lel to the drawing passing through the polarizer 165 is 
reflected by the coloring layer 170, is incident on the 
polarizer 165 again, passes through the TN liquid crys- 
tal 1 40 without modification of the polarization direction, 25 
and is converted to right-handed circularly polarized 
light by the (1/4)A, plate 132. The right-handed circularly 
polarized light passes through the cholesteric liquid 
crystal layer 134 and goes towards the observation side 
as the emitting light 1 12. The other part of the plane- so 
polarized light parallel to the drawing passing through 
the polarizer 165 passes through the coloring layer 170 
while being absorbed in this layer, is reflected by the 
reflector 180. passes through the coloring layer 170 
again while being absorbed in this layer, and is incident 35 
on the polarizer 165 again. The plane-polarized light 
parallel to the drawflng passing through the polarizer 
165 passes through the TN liquid crystal 140 without 
modification of the polarization direction, and is con- 
verted to right-handed circularly polarized light by the 40 
(1/4)a plate 132. The right-handed circularly polarized 
light passes through the cholesteric liquid crystal layer 
134 and goes towards the observation side as the emit- 
ting light 1 12. 

A reflection-type display when external light is inci- 45 
dent on the liquid crystal display device will now be 
described with reference to Fig. 4. 

In the no applied-voltage section 120 on the right 
side, the external natural light 125 incident on the liquid 
crystal device is converted to plane-polarized light par- so 
all el to the drawing by the upper polarized-light separa- 
tor 130 and then converted to plane-polarized light 
perpendicular to the drawing by rotating the polarization 
angle by 90 degrees in the TN liquid crystal 140. The 
plane-polarized light perpendicular to the drawing is 55 
absorbed in the polarizer 165. 

In the applied -voltage section 110 on the left side, 
the external natural light 115 incident on the liquid crys- 



tal display device is converted to plane-polarized light 
parallel to the drawing in the upper polarized-light sepa- 
rator 130. The plane-polarized light parallel to the draw- 
ing passes through the TN liquid crystal without 
modification of the polarization direction, and passes 
through the polarizer 165. Part of the plane-polarized 
light parallel to the drawing passing through the polar- 
izer 165 is incident on the polarizer 165 again after 
reflection by the coloring layer 1 70. The plane-polarized 
light parallel to the drawing passing through the polar- 
izer 165 passes through the TN liquid crystal 140 with- 
out modification of the polarization direction, and Is 
converted to right-handed circularly polarized light by 
the (^/A)X plate 132. The right-handed circularly polar- 
ized light passes trough the cholesteric liquid crystal 
layer 1 34, and goes towards the observation side as the 
emitting light 116. The other part of the plane polarized 
light parallel to the drawing passing through the polar- 
izer 165 passes through the coloring layer 170 while 
being absorbed in this layer, and is reflected by the 
reflector 180. The polarized light passes through the 
coloring layer 170 again while being absorbed in this 
layer, then is incident on the polarizer 165 again, and 
passes through the TN liquid crystal 1 40 without modifi- 
cation of the polarization direction. The plane-polarized 
light parallel to the drawing passing through the polar- 
izer 1 65 is converted to right-handed circularly polarized 
light by the {MA)X plate 132, passes through the choles- 
teric liquid crystal layer 134, and goes towards the 
observation side as the emitting light 116. 

As described above, in the no applied-voltage sec- 
tion 120 on the right side, the unpolarized light 121 from 
the light source 190 is reflected towards the interior of 
the liquid crystal display device by the upper polarized- 
light separator 130, whereas the external natural light 
125 is absort>ed in the polarization plate 165. As a 
result, in both case, no light is emitted from the liquid 
crystal display device towards the observer. In the 
applied-voltage section 1 10 on the left side, the unpolar- 
ized light 111 from the light source 190 is emitted from 
the upper polarized-light separator 130 as the emitting 
light 112, whereas the external natural light 1 15 is emit- 
ted from the upper polarized-light separator 130 as the 
emitting light 1 16. As a result, in both case, light is emit- 
ted from the liquid crystal device towards the observer 
hence the same display state based on the on-off state 
of the TN liquid crystal 140 is achieved by both the 
external light and the light from the light source 190. 
Accordingly, no so-called negative-positive reversion 
will occur between the display with the external light and 
the display with the light from the light source 1 90. 

Next, referring to Figs. 5 and 6, a TN liquid crystal 
140 is used as a polarization-changing optical element 
in this liquid crystal display device. An upper polarized- 
light separator 130 including the {M4)X plates 132 and 
136 and the cholesteric liquid crystal layer 134 is pro- 
vided on the TN liquid crystal 140. A polarizer 165. a 
coloring layer 170, and a reflector 180 are provided 
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under the TN liquid crystal 140 in this order. The left 
side of the liquid crystal display device is referred to as 
an applied-voltage section 110 whereas the right side 
as a no applied-voltage section 120 for the description. 

Display with light from the light source 190 will now 
be described with reference to Fig. 5. 

Unpolarized light incident on the upper polarized- 
light separator 130 from the light source 190 has been 
described with reference to Fig. 1 B, and a brighter dis- 
play state than that using a polarizer as an upper polar- 
ized-light separator also has been described with 
reference to Fig. IB. 

Next, a display state caused by transmission of 
unpolarized light from the light source 190 through the 
TN liquid crystal 140 etc. will be described. 

In the no applied- voltage section 120 on the right 
side, the unpolarized light 121 from the light source 190 
passes through the TN liquid crystal 140, and Is con- 
verted to plane-polarized light parallel to the drawing by 
the polarizer 165. The plane-polarized light parallel to 
the drawing Is colored in the coloring layer 170, is 
reflected towards the upper direction, passes through 
the polarizer 165 and TN liquid crystal 140, is reflected 
by the upper polarized-light separator 130 as plane- 
polarized light perpendicular to the drawing, and goes 
towards the interior of the liquid crystal display device as 
reflected light 123. Since the detail is the same as the 
no applied-voltage section 120 on the right side of the 
liquid crystal display device which has been described 
with reference to Fig. 3. the repeated description will be 
omitted. 

In the applied-voltage section 110 on the left side, 
the unpolarized light 111 from the light source 190 
passes through the TN liquid crystal 140, and is con- 
verted to plane-polarized light parallel to the drawing by 
the polarizer 165. Part of the plane-polarized light paral- 
lel to the drawing passing through the polarizer 165 is 
reflected by the coloring layer 170, is incident on the 
polarizer 165 again, and passes though the TN liquid 
crystal 140 without modification of the polarization 
direction. The plane-polarized light parallel to the draw- 
ing is converted to right-handed circularly polarized light 
by the (1/4)A, plate 132. The right-handed circularly 
polarized light passes through the cholesteric liquid 
crystal layer 134, Is converted to plane-polarized light 
parallel to the drawing by the (1/4)X. plate 136, and goes 
towards the observation side as the emitting light 112. 
The other part of the plane-polarized light parallel to the 
drawing passing through the polarizer 165 passes 
through the coloring layer 170 while being absorbed in 
this layer, and is reflected by the reflector 180. The 
reflected light passes through the coloring layer 170 
again while being absorbed In this layer, Is incident on 
the polarizer 165 again, and passes through the TN liq- 
uid crystal 140 without modification of the polarization 
direction. The plane-polarized light parallel to the draw- 
ing passing through the TN liquid crystal 140 is con- 
verted right-handed circularly polarized light by the 



(1/4)^ plate 132, passes though the cholesteric liquid 
crystal layer 134, is converted to plane-polarized light 
parallel to the drawing by the (1/4)>. plate 136, and goes 
towards the observation side as the emitting light 112. 

5 A reflection-type display state when external light is 
incident on the liquid crystal display device will now be 
described with reference to Fig. 6. 

In the no applied-voltage section 120 on the right 
side, the external natural light 125 incident on the liquid 

10 crystal device is converted to plane-polarized light par- 
allel to the drawing by the upper polarized-light separa- 
tor 130 and then converted to plane-polarized light 
perpendicular to the drawing by rotating the polarization 
angle by 90 degrees in the TN liquid crystal 140. The 

15 plane-polarized light perpendicular to the drawing is 
absorbed in the polarizer 165. 

In the applied-voltage section 110 on the left side, 
the external natural light 115 Incident on the liquid crys- 
tal display device is converted to plane-polarized light 

20 parallel to the drawing in the upper polarized-light sepa- 
rator 130. The plane-polarized light parallel to the draw- 
ing passes through the TN liquid crystal 140 without 
modification of the polarization direction arid passes 
through the polarizer 165. Part of the plane-polarized 

25 light parallel to the drawing passing through the polar- 
izer 165 is incident on the polarizer 165 again after 
reflection by the coloring layer 1 70. The plane-polarized 
light parallel to the drawing from the polarizer 165 
passes through the TN liquid crystal 140 without modifi- 

30 cation of the polarization direction, and is converted to 
right-handed circularly polarized light by the (1/4)A. plate 
132. The right-handed circularly polarized light passes 
trough the cholesteric liquid crystal layer 134, and is 
converted to plane-polarized light parallel to the drawing 

35 by the (1/4)X, plate 136. The plane-polarized light paral- 
lel to the drawing goes towards the observation side as 
the emitting light 116. The other part of the plane polar- 
ized light parallel to the drawing passing through the 
polarizer 165 passes through the coloring layer 170 

40 while being absorbed In this layer, and is reflected by 
the reflector 180. The reflected polarized light passes 
through the coloring layer 170 again while being 
absorbed in this layer. The polarized light incident on 
the polarizer 165 again passes through the polarizer 

45 165, and the TN liquid crystal 140 without modification 
of the polarization direction. The plane-polarized light 
parallel to the drawing passing through the TN liquid 
crystal 140 is converted to right-handed circularly polar- 
ized light by the (1/4)X, plate 132. The right-handed cir- 

50 cularly polarized light passes through the cholesteric 
liquid crystal layer 134, and is converted to plane-polar- 
ized light parallel to the drawing by the (1/4)X plate 136. 
The plane-polarized light parallel to the drawing goes 
towards the observation side as the emitting light 116. 

55 Also, in this case, in the no applied-voltage section 
120 on the right side, the unpolarized light 121 from the 
light source 190 is reflected towards the interior of the 
liquid crystal display device by the upper polarized-light 
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separator 130, whereas the external natural light 125 is 
absorbed in the polarization plate 165. As a result, in 
both case, no light is emitted from the liquid crystal dis- 
play device towards the observer. In the applied-voltage 
section 110 on the left side, the unpolarized light 111 5 
from the light source 190 is emitted from the upper 
polarized-light separator 130 as the emitting light 112, 
whereas the external natural light 115 is emitted from 
the upper polarized-light separator 130 as the emitting 
light 1 16. As a result, in both case, light is emitted from 10 
the liquid crystal device towards the observer hence the 
same display state based on the on-off state of the TN 
liquid crystal 140 is achieved by both the external light 
and the light from the light source 190. Accordingly, no 
so-called negative-positive reversion will occur between 75 
the display with the external light and the display with 
the light from the light source 190. 

Referring now to Figs. 7 and 8, a TN liquid crystal 
140 is used as the polarization-changing optical ele- 
ment in the liquid crystal display device. The upper 20 
polarized-iight separator 300 shown in Fig. 2 is provided 
on the TN liquid crystal 140. A polarizer 165, a coloring 
layer 1 70 and a reflector 1 80 are provided under the TN 
liquid crystal 140 in this order. The left side of the liquid 
crystal display device is referred to as an applied-volt- 2S 
age section 110 whereas the right side as a no applied- 
voltage section 120 for the description. 

Display with the light from the light source 190 will 
be described with reference to Fig. 7. 

Unpolarized light reaching the upper polarized-light 30 
separator 300 from the light source 190 has been 
described with reference to Fig. 1 C, and a brighter dis- 
play state than that using a polarizer also has been 
described with reference to Fig. 1C. 

Next, a display state caused by transmission of 35 
unpolarized light from the light source 1 90 through the 
TN liquid crystal 140 etc. will be described. 

In the no applied-voltage section 120 on the right 
side, the unpolarized light 121 from the light source 190 
passes through the TN liquid crystal 140, and is con- 40 
verted to plane-polarized light parallel to the drawing by 
the polarizer 165. Part of the plane-polarized light paral- 
lel to the drawing passing through the polarizer 165 is 
reflected by the coloring layer 1 70, and is incident on the 
polarizer 1 65 again. The plane-polarized light parallel to 45 
the drawing passing through the polarizer 165 is con- 
verted to plane-polarized light perpendicular to the 
drawing by rotating the polarization direction by 90 
degrees in TN liquid crystal 1 40. The plane-polarized 
light perpendicular to the drawing is reflected by the so 
upper polarized-light separator 300 without modification 
of the polarization direction and goes towards the inte- 
rior of the liquid crystal display device as reflected light 
123. The other part of the plane polarized light parallel 
to the drawing passing through the polarizer 1 65 passes ss 
through the coloring layer 170 while being absorbed in 
this layer, and is reflected by the reflector 180. The 
reflected polarized light passes through the coloring 
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layer 170 again while being absorbed in this layer. The 
polarized light is incident on the polarizer 165 again, 
and is converted to plane-polarized light perpendicular 
to the drawing by rotating the polarization direction by 
90 degrees in the TN liquid crystal 140. The plane- 
polarized light perpendicular to the drawing is reflected 
by the upper polarized-light separator 300 without mod- 
ification of the polarization direction and goes towards 
the interior of the liquid crystal display device as 
reflected light 123. 

In the applied-voltage section 1 10 on the left side, 
the unpolarized light 111 from the light source 190 
passes through the TN liquid crystal 140, and is con- 
verted to plane-polarized light parallel to the drawing by 
the polarizer 165. Part of the plane-polarized light paral- 
lel to the drawing passing through the polarizer 155 is 
reflected by the coloring layer 1 70. is incident on the 
polarizer 165 again, passes though the polarizer 165, 
the TN liquid crystal 140, and the upper polarized-light 
separator 300 without modification of the polarization 
direction, and goes towards the observation side as the 
emitting light 112. The other part of the plane-polarized 
light parallel to the drawing passing through the polar- 
izer 165 passes through the coloring layer 170 while 
being absorbed in this layer, and is reflected by the 
reflector 180. The reflected light passes through the 
coloring layer 170 again while being absorbed in this 
layer, is incident on the polarizer 165 again, passes 
through the TN liquid crystal 140 without modification of 
the polarization direction , passes through the upper 
polarized-light separator 300, and goes towards the 
observation side without modification as emitting light 
112 . 

A reflection-type display state when external light is 
incident on the liquid crystal display device will now be 
described with reference to Fig. 8. 

In the no applied -voltage section 120 on the right 
side, the external natural light 1 25 incident on the liquid 
crystal device passes through the upper polarized-light 
separator 300 without modification, and is changed to 
plane-polarized light perpendicular to the drawing by 
rotating the polarization angle by 90 degrees in the TN 
liquid crystal 140. The plane-polarized light perpendicu- 
lar to the drawing is absorbed in the polarizer 165. 

In the applied -voltage section 1 10 on the left side, 
the external natural light 115 incident on the liquid crys- 
tal display device passes through the upper polarized- 
light separator 300 as plane-polarized light parallel to 
the drawing, passes through the TN liquid crystal 140 
without modification of the polarization direction . and 
passes through the polarizer 165. Part of the plane- 
polarized light parallel to the drawing passing through 
the polarizer 165 is reflected by the coloring layer 170 
and is incident on the polarizer 165 again. The reflected 
plane-polarized light parallel to the drawing passing 
through the polarizer 165 passes through the upper 
polarized-light separator 300, and goes towards the 
observation side as the emitting light 116 without modi- 
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fication of the polarization direction. The other part of 
the plane polarized light parallel to the drawing from the 
polarizer 165 passes through the coloring layer 170 
while being absorbed in this layer, and is reflected by 
the reflector 180. The reflected polarized light passes 
through the coloring layer 170 again while being 
absorbed in this layer. Then the polarized light is inci- 
dent on the polarizer 165 again, passes through the 
polarizer 165, and passes through the TN liquid crystal 
140 without modification of the polarization direction. 
The plane-polarized light parallel to the drawing passing 
through the TN liquid crystal 140 goes towards the 
observation side without modification as the emitting 
light 116. 

Also, in this case, in the no applied-voltage section 
120 on the right side, the unpolarized light 121 from the 
light source 190 is reflected towards the interior of the 
liquid crystal display device by the upper polarized-light 
separator 300, whereas the external natural light 125 is 
absorbed in the polarization plate 165. As a result, in 
both case, no light is emitted from the liquid crystal dis- 
play device towards the observer. In the applied-voltage 
section 110 on the left side, the unpolarized light 111 
from the light source 190 is emitted from the upper 
polarized-light separator 300 as the emitting light 112, 
and the external natural light 115 is also emitted from 
the upper polarized-light separator 300 as the emitting 
light 1 16. As a result, in both case, light is emitted from 
the liquid crystal device towards the observer hence the 
same display state based on the on-off state of the TN 
liquid crystal 140 is achieved by both the external light 
and the light from the light source 190. Accordingly, no 
so-called negative-positive reversion will occur between 
the display with the external light and the display with 
the light from the light source 190. 

In the liquid crystal display devices shown in Figs. 3 
to 8. the coloring layer 170 can be omitted. In this case, 
the plane-poiarized light parallel to the drawing, which 
passes through the polarizer 165. is reflected directly by 
the reflector 180 without being colored by the coloring 
layer 170, and passes through the polarizer 165 again. 
The light passes through the upper polarized-light sep- 
arator 130 or 300 and goes towards the observation 
side as emitting light 11 2 or 11 6. 

Referring now to Figs. 9 and 10, a TN liquid crystal 
140 is used as the polarization-changing optical ele- 
ment in this liquid crystal display device. An upper polar- 
ized-light separator 130 including the (1/4)X plate 132 
and the cholesteric liquid crystal layer 134 is provided 
on the TN liquid crystal 140. Further, a light diffusion 
layer 150, a lower polarized-light separator 160 includ- 
ing a (iy4)X plate 162 and a cholesteric liquid crystal 
layer 164, a coloring layer 170, and a reflector 180 are 
provided urxJer the TN element 140 in this order. 

The upper polarized-light separator 1 30 is the same 
as that described in Fig. 1A. The lower polarized-light 
separator 160 has the same functions as the upper 
polarized-light separator 130. The lower polarized-light 



separator 160 is a polarized-light separating means 
which transmits plane-polarized light of a given second 
direction among light components incident on the 
plate 162, reflects plane-polarized light of a first direc- 

5 tion perpendicular to the second direction, and for light 
incident on the cholesteric liquid crystal layer 1 64, can 
emit plane-polarized light of the second direction 
towards the (1/4)A, plate 162 . Polarized-light separating 
means having such a function, other than the polarized- 

10 light separator 130 including a combination of the chol- 
esteric liquid crystal layer 164 and the (1/4)A, plates 162, 
include that using a multilayered film (USP 4.974,219). 
that separating the incident light into reflected polarized 
light and transmitted polarized light by means of Brews- 

15 ter's angle (SID 92 DEGEST. pp. 427 to 429), that using 
holograms, and those disclosed in laid-open interna- 
tional patents (W095/17692 and W095/27919)as a 
reflective polarizer. 

The left side of the liquid crystal display device is 

20 referred to as an applied-voltage section 110 whereas 
the right side as a no applied-voltage section 120 for the 
description. 

A display state with light from the light source 190 
will now be described with reference to Fig. 9. 

25 Unpolarized light incident on the upper polarized- 
light separator 130 from the light source 190 has been 
described with reference to Fig. 1 A. and a brighter dis- 
play state than that using a polarizer also has been 
described with reference to Fig. 1 A. 

30 Next, a display state caused by transmission of 
unpolarized light from the light source 190 through the 
TN liquid crystal 140 etc. will be described. 

In the no applied-voltage section 1 20 on the right 
side, the unpolarized light 121 from the light source 190 

35 passes through the TN liquid crystal 140 and the light 
diffusion layer 150 and is converted to right-handed cir- 
cularly polarized light and left-handed circularly polar- 
ized light by the (1/4)A, plate 162. 

The left-handed circularly polarized light emitted 

40 from the (1/4)A. plate 162 is reflected by the cholesteric 
liquid crystal layer 164 and reenters the (1/4)X plate 162 
to be converted to plane-polarized light perpendicular to 
the drawing. By rotating the polarization direction by 90 
degrees in the TN liquid crystal 140, the polarized light 

45 is converted into the plane-polarized light parallel to the 
drawing. The plane-polarized light parallel to the draw- 
ing emitted from the TN liquid crystal 140 is converted 
to right-handed circularly polarized light by the ('\/4)X 
plate 1 32, passes through the cholesteric liquid crystal 

50 layer 1 34 and goes towards the observation side as the 
emitting light 122. 

The right-handed circularly polarized light emitted 
from the (1/4)?. plate 1 62 passes through the cholesteric 
liquid crystal layer 164. Part of the right-handed circu- 

55 larly polarized light from the cholesteric liquid crystal 
layer 164 is reflected by the coloring layer 170, by the 
cholesteric liquid crystal layer 164, and then by the 
coloring layer 170 again. The reflected light passes 
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through the cholesteric liquid crystal layer 164 and is 
incident on the (1/4)?^ plate 162 to be converted to 
plane- pel ah zed light parallel to the drawing by the {^/4)X 
plate 162. The plane-polarized light passes through the 
light diffusion layer 150, and is rotated by 90 degrees in 
the polarization direction in the TN liquid crystal 140 to 
be converted to plane-polarized light perpendicular to 
the drawing. The plane-polarized light is converted to 
left-handed circularly polarized light by the {^/4)X plate 
132, and reflected by the cholesteric liquid crystal layer 
134. The reflected light is incident on the (1/4)A, plate 
132 again to be converted to plane-polarized light per- 
pendicular to the drawing by the (1/4)X plate 132. The 
plane-polarized light goes towards the interior of the liq- 
uid crystal display device as reflected light 123. The 
other part of the right-handed circularly polarized light 
from the cholesteric liquid crystal layer 164 passes 
through the coloring layer 170 while being absorbed in 
the coloring layer 170. and is reflected by the reflector 
180. The reflected light passes through the coloring 
layer 170 while being absorbed in the coloring layer 
170. and then is reflected by the cholesteric liquid crys- 
tal layer 1 64. The light passes through the coloring layer 
170 while being absorbed in the coloring layer 170, and 
is reflected by the reflector 180 again. The reflected light 
passes through the coloring layer 170 while being 
absorbed in the coloring layer 170 and passes through 
cholesteric liquid crystal layer 164. The light is incident 
on the (1/4)>. plate 162 to be converted to plane-polar- 
ized light parallel to the drawing by the (1/4)A, plate 162. 
After the plane-polarized light passes through the light 
diffusion layer 150, it is converted to plane-polarized 
light perpendicular to the drawing by' rotating the polari- 
zation direction by 90 degrees in the TN liquid crystal 
140. The plane-polarized light is converted to left- 
handed circularly polarized light by the {^/A)X plate 132. 
The left-handed circularly polarized light is reflected by 
the cholesteric liquid crystal layer 134, and incident on 
the (1/4)X plate 132 to be converted to plane-polarized 
light perpendicular to the drawing by the (1/4)A, plate 
132. The piane-polarized light goes toward the interior 
of the liquid crystal display device as reflected light 123. 

As described above, when no voltage is applied, 
the light from the light source 190 is reflected by the 
polarized-light separator 160 and emitted as emitting 
light 122, hence a bright display state is achieved. 
Because the light diffusion layer 150 is provided 
between the (1/4)?. plate 162 and the TN liquid crystal 
140, the reflected light from the lower polarized-light 
separator 160 changes from mirror state to white. 

In the applied- voltage section 110 on the left side, 
the unpolarized light 111 from the light source 190 
passes through the TN liquid crystal 140 and the light 
diffusion layer 150, and is converted to right-handed cir- 
cularly polarized light and left-handed circularly polar- 
ized light by the (1/4)>t plate 162. 

The left-handed circularly polarized light emitted 
from the (1/4)X plate 162 is reflected by the cholesteric 



liquid crystal layer 164 and incident on the (1/4)X plate 
162 again to be converted to plane-polarized light per- 
pendicular to the drawing by the (1/4)X. plate 162. The 
plane-polarized light passes through the TN liquid crys- 

5 tal 140 without modification of the polarization direction 
and is converted to left-handed circularly polarized light 
by the (1/4)A. plate 132. The left-handed circularly polar- 
ized light is reflected by the cholesteric liquid crystal 
layer 1 34 and is incident on the (1 /4)X plate 1 32 again to 

70 be converted to plane-polarized light perpendicular to 
the drawing by the (1 /4)X, plate 1 32. The plane-polarized 
light goes towards the interior of the liquid crystal dis- 
play device as reflected light 113. 

The right-handed circularly polarized light emitted 

15 from the (1/4)^ plate 1 62 passes through the cholesteric 
liquid crystal layer 164. Part of the right-handed circu- 
larly polarized light from the cholesteric liquid crystal 
layer 164 is reflected by the coloring layer 1 70, the chol- 
esteric liquid crystal layer 164, and then the coloring 

20 layer 170 again. The reflected light passes through the 
cholesteric liquid crystal layer 164 and is incident on the 
{1/4)A. plate 162 to be converted to plane-polarized light 
parallel to the drawing by the (1/4)X plate 162. The 
plane-polarized light passes through the light diffusion 

25 layer 1 50 and the TN liquid crystal 1 40 without modifica- 
tion of the polarization direction, and is converted to 
right-handed circularly polarized light by the (1/4)X, plate 
132. The right-handed circularly polarized light passes 
through the cholesteric liquid crystal layer 134 and goes 

30 towards the observation side as emitting light 112. On 
the other hand, the other part of the right-handed circu- 
larly polarized light from the cholesteric liquid crystal 
layer 164 passes through the coloring layer 170 while 
being absorbed in the coloring layer 170, and is 

35 reflected by the reflector 180. The reflected light passes 
through the coloring layer 1 70 while being absorbed in 
the coloring layer 1 70 again, and then is reflected by the 
cholesteric liquid crystal layer 164. The reflected light 
passes through the coloring layer 170 while being 

40 absorbed in the coloring layer 1 70 again, be reflected by 
the reflector 180 again, passes through the coloring 
layer 170 while being absorbed in the coloring layer 
170. passes through the cholesteric liquid crystal layer 
164. and is incident on the (1/4)A. plate 162. After the 

45 reflected light is converted to plane-polarized light paral- 
lel to the drawing by the {^/4)X plate 162. it passes 
through the light diffusion layer 150 and through the TN 
liquid crystal 140 without modification of the polarization 
direction. The plane-polarized light is converted to right- 
so handed circularly polarized light by the (1/4)X plate 1 32, 
passes through the cholesteric liquid crystal layer 134, 
and goes towards the observation side as emitting light 
112. 

A reflection-type display state when external light is 
55 incident on the liquid crystal display device will now be 
described with reference to Fig. 10. 

In the no applied-voltage section 120 on the right 
side, the external natural light 125 incident on the liquid 
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crystal device is converted to plane-polarized light par- 
allel to the drawing by the upper polarized-light separa- 
tor 130 and then converted to piane-polarized light 
perpendicular to the drawing by rotating the polarization 
angle by 90 degrees in the TN liquid crystal 140. The 5 
plane-polarized light perpendicular to the drawing emit- 
ted from the TN liquid crystal 140 is converted to left- 
handed circularly polarized light by the (1/4)A. plate 162. 
The left-handed circularly polarized light is reflected by 
the cholesteric liquid crystal layer 164, and is incident 10 
on the (1/4)X plate 162 again to be converted to plane- 
polarized light perpendicular to the drawing by the 
(1/4)X plate 162, which is rotated by 90 degrees in the 
polarization angle in the TN liquid crystal 140 to gener- 
ate plane-polarized light parallel to the drawing. The 15 
plane-polarized light from the TN liquid crystal 140 is 
converted to right-handed circularly polarized light by 
the (1/4)X, plate 132. The right-handed circularly polar- 
ized light passes through the cholesteric liquid crystal 
layer 134 and goes towards the observation side as 20 
emitting light 126, 

In the applied- voltage section 110 on the left side, 
the external natural light 1 15 incident on the liquid crys- 
tal display device is converted to plane-polarized light 
parallel to the drawing in the upper polarized-light sepa- 25 
rator 130. The plane-polarized light parallel to the draw- 
ing passes through the TN liquid crystal 140 without 
modification of the polarization direction, and is con- 
verted to right-handed circularly polarized light by the 
(1/4)X plate 162. The right-handed circularly polarized 30 
light from the (1/4)^ plate 162 passes through the chol- 
esteric liquid crystal 164. Part of the right-handed circu- 
larly polarized light is reflected by the coloring layer 170, 
by the cholesteric liquid crystal layer 1 64, and then by 
the coloring layer 170 again. The reflected light passes 35 
through the cholesteric liquid crystal layer 164 and is 
incident on the (1/4)X plate 162 to be converted to 
plane-polarized light parallel to the drawing by the (1 /4)A, 
plate 162. The plane-polarized light passes through the 
light diffusion layer 150 and the TN liquid crystal layer 40 
140 without modification of the polarization direction, 
and is converted to right-handed circularly polarized 
light by the {^/A)X plate 132. The right-handed circularly 
polarized light passes through the cholesteric liquid 
crystal layer 1 34 and goes towards the observation side 45 
as emitting light 1 1 6. The other part of the right-handed 
circularly polarized light passing through the cholesteric 
liquid crystal layer 1 64 passes through the coloring layer 
170 while being absorbed in this layer, and is reflected 
by the reflector 180. The polarized light passes through 50 
the coloring layer 1 70 again while being absorbed in this 
layer, and is reflected by the cholesteric liquid crystal 
layer 1 64. The reflected light passes through the color- 
ing layer 1 70 again while being absorbed in this layer, is 
reflected by the reflector 180. passes through the color- 55 
ing layer 1 70 again while being absorbed in this layer, 
and passes through the cholesteric liquid crystal layer 
164. The light is incident on the (1/4)?. plate 162 and 
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converted to plane-polarized light parallel to the drawing 
by the (1/4)X, plate 162. The plane-polarized light paral- 
lel to the drawing passes through the light diffusion layer 
150 and passes through the TN liquid crystal 140 with- 
out modification of the polarization direction. The light is 
converted to right-handed circularly polarized light by 
the (1/4)A, plate 132. passes through the cholesteric liq- 
uid crystal layer 134, and goes towards the observation 
side as emitting light 116, 

In the no applied-voltage section 120 on the right 
side, as described atx)ve, the unpolahzed light 121 from 
the light source 190 is reflected towards the exterior of 
the liquid crystal display device by the lower polarized- 
light separator 160. passes through the upper polar- 
ized-light separator 130. and is emitted from the upper 
polarized-light separator 130 as the emitting light 122. 
The external natural light 125 is reflected towards the 
exterior of the liquid crystal display device by the lower 
polarized-light separator 160, passes through the upper 
polarized-light separator 130, and is emitted from the 
upper polarized-light separator 130 as the emitting light 
126. As a result, in both case, the light is changed from 
mirror state to white by means of the light diffusion layer 
150, and is emitted from the upper polarized-light sepa- 
rator 130 towards the observer. In the applied-voltage 
section 110 on the left side, the unpolarized light 111 
from the light source 190 passes through the lower 
polarized-light separator 160, and is colored in the 
coloring layer 170. The colored light passes through the 
lower polarized-light separator 160 again, passes 
through the upper polarized-light separator 130 . and is 
emitted from the upper polarized-light separator as the 
emitting light 112. The external natural light 115 passes 
through the upper polarized-light separator 130 and 
lower polarized-light separator 160. and Is colored in the 
coloring layer 1 70. The colored light passes through the 
lower polarized-light separator 160 and the upper polar- 
ized-light separator 130 again, and is emitted from the 
upper polarized-light separator 130 as the emitting light 
116. As a result, in both case, the light colored in the 
coloring layer 170 is emitted from the upper polarized- 
light separator 130 towards the observer, hence the 
same display state based on the on-off state of the TN 
liquid crystal 140 is achieved by both the external light 
and the light from the light source 190. Accordingly, no 
so-called negative-positive reversion will occur between 
the display with the external light and the display with 
the light from the light source 190. 

When no voltage is applied, the lower polarized- 
light separator 160 reflects the light from the light source 
190 and emits as the emitting light 122. The lower polar- 
ized-light separator 160 also reflects the external natu- 
ral light 125 and emits as the emitting light 126. 
Accordingly, a bright display state is achieved. Since the 
light diffusion layer 150 is provided between the (1/4)X. 
plate 162 and the TN liquid crystal 140, the reflected 
light from the lower polarized-light separator 160 
changes from mirror state to white. 
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As described above, in the no applied-voltage sec- 
tion 120, the light reflected by the lower polarized-light 
separator 160 is scattered in the light diffusion layer 1 50 
to be white emitting light 122 or 126, whereas in the 
applied-voltage section 110, the light from the lower 
polarized-light separator 160 is colored in the coloring 
layer 170 to be color emitting light 112 or 116. As a 
result, a color display is achieved on a white tDack- 
ground. When using a black coloring layer 170, all the 
wavelengths in the visible light region are absorbed. 
Therefore, a black display on the white background is 
achieved. 

Since the reflector 180 is provided, the color emit- 
ting light 112 or 116, which is colored in the coloring 
layer 170. is bright. 

Referring to now Figs. 1 1 and 12, a TN liquid crystal 
140 is used as the polarization-changing optical ele- 
ment in the liquid crystal display device. The upper 
polarized-light separator 130 including the (1/4)?^ plates 
1 32 and 136 and the cholesteric liquid crystal layer 134 
is provided on the TN liquid crystal 140. The light diffu- 
sion layer 150. the lower polarized-light separator 160 
including the (1/4)X plates 162 and 166 and the choles- 
teric liquid crystal layer 164. the coloring layer 170. and 
the reflector 180 are provided under the TN liquid crys- 
tal 140 in this order. 

The upper polarized-light separator 130 is the same 
as that described in Fig. IB. The lower polarized-light 
separator 160 has the same functions as the upper 
polarized-light separator 130. The lower polarized-light 
separator 160 is a polarized-light separating means 
which transmits plane-polarized light of a given second 
direction among light components incident on the (1/4)A, 
plate 162 as plane-polarized light of a second direction, 
reflects plane-polarized light of a first direction perpen- 
dicular to the second direction, and for light incident on 
the (1/4)X plate 166. emits plane-polarized light of the 
second direction towards the (1/4)X plate 162. Polar- 
ized-light separating means having such a function, 
other than the polarized-light separator 160 including a 
combination of the cholesteric liquid crystal layer 164 
and the (1/4)A, plates 162 and 166, include that using a 
multilayered film (USP 4,974,219). that separating the 
incident light into reflected polarized light and transmit- 
ted polarized light by means of Brewster's angle (SID 92 
DEGEST, PP- 427 to 429), that using holograms, and 
reflective polarizers disclosed in laid-open international 
patents (W095/17692 and W095/27919) as a reflective 
polarizer. 

The left side of the liquid crystal display device is 
referred to as an applied-voltage section 1 1 0 whereas 
the right side as a no applied- voltage section 120 for the 
description. 

A display state with light from the light source 190 
will now be described with reference to Fig. 1 1 . 

Unpolarized light incident on the upper polarized- 
light separator 130 from the light source 190 has been 
described with reference to Fig. IB, and a brighter dis- 



play state than that using a polarizer also has been 
described with reference to Fig. 1 B. 

Next, a display state caused by transmission of 
unpolarized light from the light source 190 through the 

5 TN liquid crystal 140 etc. will be described. 

In the no applied-voltage section 120 on the right 
side, the unpolarized light 121 from the light source 190 
passes through the TN liquid crystal 140 and the light 
diffusion layer 150, and is converted to right-handed cir- 

10 cularly polarized light and left-handed circularly polar- 
ized light by the (1/4)X. plate 162. 

The left-handed circularly polarized light emitted 
from the (1/4)X plate 162 is reflected by the cholesteric 
liquid crystal layer 164 and reenters the (1/4)A. plate 162 

15 to be converted to plane-polarized light perpendicular to 
the drawing by the (1/4)X, 162. The polarized light is 
rotated by 90 degrees in the polarization angle in the TN 
liquid crystal 140 to be plane-polarized light parallel to 
the drawing from the TN liquid crystal 140, and is con - 

20 verted to right-handed circularly polarized light by the 
(1/4)X plate 132. The light passes through the choles- 
teric liquid crystal layer 134, is converted to the plane- 
polarized light parallel to the drawing again by the (1/4)X 
plate 1 36, and goes towards the observation side as the 

25 emitting light 122. 

The right-handed circularly polarized light emitted 
from the (1/4)A. plate 1 62 passes through the cholesteric 
liquid crystal 164. The right-handed circularly polarized 
light passing through the cholesteric liquid crystal 164 is 

30 converted to plane-polarized light parallel to the drawing 
by the (1/4)>. plate 166. Part of the plane-polarized light 
parallel to the drawing emitted from the (1/4)A, plate 166 
is reflected by the coloring layer 170, and passes 
through the (1/4)x, plate 1 66. The plane-polarized light is 

35 converted to right-handed circularly polarized light by 
the (^/4)X plate 166. The right-handed circularly polar- 
ized light passing through the cholesteric liquid crystal 
layer 164 is converted to plane-polarized light parallel to 
the drawing again by the (1/4)A. plate 162. The plane- 

40 polarized light passes through the light diffusion layer 
150, and is rotated by 90 degrees in the polarization 
angle in the TN liquid crystal 140 to be converted to 
plane-polarized light perpendicular to the drawing. The 
plane-polarized light is converted to left-handed circu- 

45 larly polarized light by the (1/4)?^ plate 1 32, and reflected 
by the cholesteric liquid crystal layer 134. The reflected 
light is incident on the {^/4)X plate 132 again to be con- 
verted to plane-polarized light perpendicular to the 
drawing by the (1/4)^ plate 132, and goes towards the 

50 interior of the liquid crystal display device as reflected 
light 123. The other part of the plane-polarized light par- 
allel to the drawing emitted from the (1/4)X plate 166 
passes through the coloring layer 170 while being 
absorbed in the coloring layer 170, and is reflected by 

55 the reflector 180. The reflected light passes through the 
coloring layer 170 while being absorbed in the coloring 
layer 170 again, and then passes through the (1/4) A, 
plate 166 to be converted to right-handed circularly 



11 

0e67746Al^L> 



21 



EP 0 867 746 A1 



22 



polarized light by the (1/4)^ plate 1 66. The right-handed 
circularly polarized light passes through the cholesteric 
liquid crystal layer 164, and is converted to plane-polar- 
ized light parallel to the drawing again by the (1/4)^ 
plate 162. The plane-polarized light passes through the 
light diffusion layer 150, and is rotated by 90 degrees in 
the polarization angle to be the plane-polarized light 
perpendicular to the drawing in the TN liquid crystal 
140. The plane-polarized light perpendicular to the 
drawing is converted to left-handed circularly polarized 
light by the (1/4)X plate 132. The left-handed circularly 
polarized light is reflected by the cholesteric liquid crys- 
tal layer 134, and is incident on the (1/4)A. plate 132 to 
be converted to plane-polarized light perpendicular to 
the drawing by the (1/4)X, plate 132. The plane-polarized 
light goes towards the interior of the liquid crystal dis- 
play device as reflected light 123. 

As described above, when no voltage is applied, 
the light from the light source 190 is reflected by the 
lower polarized-light separator 160 and emitted as the 
emitting light 122, hence a bright display state is 
achieved. Because the light diffusion layer 150 is pro- 
vided between the (1/4)X plate 162 and the TN liquid 
crystal 140, the reflected light from the lower polarized- 
light separator 1 60 changes from mirror state to white. 

In the applied-voltage section 110 on the left side, 
the unpolarized light 111 from the light source 190 
passes through the TN liquid crystal 140 and the light 
diffusion layer 150, and is converted to right-handed cir- 
cularly polarized light and left-handed circularly polar- 
ized light by the (1/4)X, plate 162. 

The left-handed circularly polarized light emitted 
from the (1/4)X plate 162 is reflected by the cholesteric 
liquid crystal layer 164 and is incident on the (1/4)X, plate 
162 again to be converted to plane-polarized light per- 
pendicular to the drawing by the (1/4)X plate 162. The 
plane-polarized light passes through the light diffusion 
layer 1 50. passes through the TN liquid crystal 1 40 with- 
out modification of the polarization direction, and is con- 
verted to left-handed circularly polarized light by the 
(1/4)X plate 132. The left-handed circularly polarized 
light is reflected by the cholesteric liquid crystal layer 
134 and is incident on the {1/4)X. plate 132 again to be 
converted to plane-polarized light perpendicular to the 
drawing by the (1/4)X. plate 132. The plane-polarized 
light goes towards the interior of the liquid crystal dis- 
play device as reflected light 113. 

The right-handed circularly polarized light emitted 
from the (1/4)X plate 162 passes through the cholesteric 
liquid crystal layer 164. The right-handed circularly 
polarized light passing through the cholesteric liquid 
crystal layer 164 is converted to plane-polarized light 
parallel to the drawing by the (1/4)X plate 166. Part of 
the plane-polarized light parallel to the drawing emitted 
from the {1/4)X, plate 166 is reflected by the coloring 
layer 170, passes through the (1/4);^ plate 166, and is 
converted to right-handed circularly polarized light by 
the plate 166. The right-handed circularly polar- 



ized light passes through the cholesteric liquid crystal 
layer 164. and then is converted to the plane-polarized 
light parallel to the drawing again by the (1/4)X, plate 
162. The plane-polarized light passes through the light 

5 diffusion layer 1 50, passes through the TN liquid crystal 
140 without modification of the polarization direction, 
and is converted to right-handed circularly polarized 
light by the (1/4)X plate 132. The right-handed circularly 
polarized light passes through the cholesteric liquid 

10 crystal layer 134 and is converted to plane-polarized 
light parallel to the drawing again by the (1/4)A, plate 
1 36. The plane-polarized light goes towards the obser- 
vation side as emitting light 1 12. On the other hand, the 
other part of the plane-polarized light parallel to the 

/5 drawing emitted from the (1/4)X plate 166 passes 
through the coloring layer 170 while being absorbed in 
the coloring layer 1 70, and is reflected by the reflector 
180. The reflected light passes through the coloring 
layer 170 white being absorbed in the coloring layer 1 70 

20 again, passes through the (1/4)X plate 166, and is con- 
verted to right-handed circularly polarized light by the 
(1/4)X, plate 166. The right-handed circulariy polarized 
light from the (1/4)X. plate 166 passes through choles- 
teric liquid crystal layer 164, and is converted to plane- 

25 polarized light parallel to the drawing by the (1/4)A. plate 
1 62. The plane-polarized light passes through the light 
diffusion layer 150, passes through the TN liquid crystal 
140 without modification of the polarization direction, 
and is converted to right-handed circularly polarized 

30 light by the (1/4)X plate 1 32. The converted light passes 
through the cholesteric liquid crystal layer 134 and is 
converted to plane-polarized light parallel to the drawing 
again by the (1/4)A, plate 136. The plane-polarized light 
parallel to the drawing goes towards the observation 

35 side as emitting light 112. 

A reflection-type display state when external light is 
incident on the liquid crystal display device will now be 
described with reference to Fig. 12. 

In the no applied-voltage section 120 on the right 

40 side, the external natural light 125 incident on the liquid 
crystal device is converted to plane-polarized light par- 
allel to the drawing by the upper polarized-light separa- 
tor 130 and then to plane-polarized light perpendicular 
to the drawing by rotating the polarization angle by 90 

45 degrees in the TN liquid crystal 140. The plane-polar- 
ized light perpendicular to the drawing emitted from the 
TN liquid crystal passes through the light diffusion layer 
150, and is converted to left-handed circulariy polarized 
light by the (1/4)X plate 162. The left-handed circularly 

50 polarized light emitted from the (1/4)X plate 162 is 
reflected by the cholesteric liquid crystal layer 164, is 
incident on the (1/4)X plate 162 again, and is converted 
to plane-polarized light perpendicular to the drawing by 
the (1/4)X plate 162. The plane-polarized light passes 

55 through the light diffusion layer 1 50, and is rotated by 90 
degrees in the polarization angle in the TN liquid crystal 
140 to generate plane-polarized light parallel to the 
drawing. The plane-polarized light emitted from the TN 
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liquid crystal 140 is converted to right-handed circularly 
polarized light by the (1/4)^ plate 132. The right-handed 
circularly polarized light passes through the cholesteric 
liquid crystal layer 134 and is converted to the plane- 
polarized light parallel to the drawing by the (1/4}X plate 
136 again. The plane-polarized light parallel to the 
drawing goes towards the observation side as emitting 
light 126. 

As described above, when no voltage is applied, 
the external natural light 125 is reflected by the lower 
polarized-light separator 160, and emitted as the emit- 
ting light 126, hence a bright display state is achieved. 
Because the light diffusion layer 150 is provided 
between the (1/4)A, plate 162 and the TN liquid crystal 
140, the reflected light from the lower polarized-light 
separator 160 changes from mirror state to white. 

In the applied-voltage section 110 on the left side, 
the external natural light 115 incident on the liquid crys- 
tal display device is converted to plane-polarized light 
parallel to the drawing in the upper polarized-light sepa- 
rator 1 30. The plane-polarized light parallel to the draw- 
ing passes through the TN liquid crystal 140 and the 
light diffusion layer 1 50 without modification of the polar- 
ization direction, and is converted to right-handed circu- 
larly polarized light by the (1/4)>„ plate 162. The right- 
handed circularly polarized light emitted from the (1/4)A, 
plate 162 passes through the cholesteric liquid crystal 
164. and is converted to plane-polarized light parallel to 
the drawing by the (1/4)X. plate 166. Part of the plane- 
polarized light parallel to the drawing emitted from the 
(1/4)>. plate 166 is reflected by the coloring layer 170. 
passes through the (1/4)A. plate 166, and is converted to 
right-handed circularly polarized light by the (1/4)>, plate 
166. The right-handed circularly polarized light passes 
through the cholesteric liquid crystal layer 164, and is 
converted to plane-polarized light parallel to the drawing 
by the {1/4)>. plate 162 again. The plane-polarized light 
parallel to the drawing passes through the light diffusion 
layer 1 50, passes through the TN liquid crystal layer 1 40 
without modification of the polarization direction, and is 
converted to right-handed circularly polarized light by 
the (1/4)X, plate 132, The right-handed circularly polar- 
ized light passes through the cholesteric liquid crystal 
layer 134 and goes towards the observation side as 
emitting light 116. The other part of the plane-polarized 
light passing through the (1/4)^ plate 166 passes 
through the coloring layer 170 while being absorbed in 
this layer, and is reflected by the reflector 180. The 
polarized light passes through the coloring layer 170 
again while being absorbed in this layer, passes through 
the (1/4)X plate 166. and is converted to right-handed 
circularly polarized light by the (1/4)X plate 166. The 
right-handed circularly polarized light passes through 
the cholesteric liquid crystal layer 164 and is converted 
to the plane-polarized light parallel to the drawing again 
by the plate 162. The plane-polarized light paral- 
lel to the drawing passes through the light diffusion layer 
150 and passes through the TN liquid crystal 140 with- 



out modification of the polarization direction. The light is 
converted to right-handed circularly polarized light by 
the (1/4)>w plate 132, passes through the cholesteric liq- 
uid crystal layer 134, and goes towards the observation 

5 side as emitting light 1 1 6. 

In the no applied-voltage section 120 on the right 
side, as described above, the unpolarized light 121 from 
the light source 190 is reflected towards the exterior of 
the liquid crystal display device by the lower polarized- 

10 light separator 160. passes through the upper polar- 
ized-light separator 130, and is emitted from the upper 
polarized-light separator 130 as the emitting light 122. 
The external natural tight 125 is reflected towards the 
exterior of the liquid crystal display device by the lower 

75 polarized-light separator 160, passes through the upper 
polarized-light separator 130, and is emitted from the 
upper polarized-light separator 1 30 as the emitting light 
126. As a result, in both case, the light is changed from 
mirror state to white by means of the light diffusion layer 

20 150. and is emitted from the upper polarized-light sepa- 
rator 130 towards the observer. In the applied -voltage 
section 110 on the left side, the unpolarized light 111 
from the light source 190 passes through the lower 
polarized-light separator 160, is colored in the coloring 

25 layer 1 70. passes through the lower polarized-light sep- 
arator 160 again, and is emitted from the upper polar- 
ized-light separator 160 as the emitting light 112. The 
external natural light 115 passes through the upper 
polarized-light separator 130 and lower polarized-light 

30 separator 160, and is colored in the coloring layer 170. 
The colored light passes through the lower polarized- 
light separator 160 and the upper polarized-light sepa- 
rator 130 again, and emitted from the upper polarized- 
light separator 130 as the emitting light 1 16. As a result. 

35 in both case, the light colored in the coloring layer 170 is 
emitted from the upper polarized-light separator 130 
towards the observer, hence the same display state 
based on the on-off state of the TN liquid crystal 140 is 
achieved by both the external light and the light from the 

40 light source 190. Accordingly, no so-called negative- 
positive reversion will occur between the display with 
the external light and the display with the light from the 
light source 1 90. 

When no voltage is applied, the lower polarized- 

45 light separator 160 reflects the light 121 from the light 
source 190 and emits as the emerging light 122. The 
tower polarized-light separator 160 also reflects the 
external natural light 125 and emits as the emerging 
light 126. Accordingly, a bright display state is achieved. 

50 Since the light diffusion layer 150 is provided between 
the (1/4);i plate 162 and the TN liquid crystal 140. the 
reflected light from the lower polarized-light separator 
160 changes from mirror state to white. 

As described above, in the no applied-voltage sec- 

55 tion 120. the light reflected by the lower polarized-light 
separator 160 is scattered in the light diffusion layer 150 
to be white emitting light 122 or 126. whereas in the 
applied-voltage section 110. the light passing through 
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the lower polarized-light separator 160 is colored in the 
coloring layer 170 to be color emitting light 112 or 116. 
As a result, a color display is achieved on a white back- 
ground. When using a black coloring layer 170. all the 
wavelengths in the visible light region are absorbed, and 
hence a black display on a white background is 
achieved. 

Since the reflector 180 Is provided, the color emit- 
ting light 112 or 116, which is colored in the coloring 
layer 170, is bright 

Referring to now Figs. 13 and 14, a TN liquid crystal 
140 is used as the polarization-changing optical ele- 
ment in the liquid crystal display device. The upper 
polarized-light separator 300 shown in Fig. 1C is pro- 
vided on the TN liquid crystal 140. A light diffusion layer 
150. a lower polarized-light separator 310, a coloring 
layer 1 70, and a reflector 180 are provided under the TN 
liquid crystal 140 in this order. The lower polarized-light 
separator 310 is of the same type of the upper polar- 
ized-light separator 300. 

The upper polarized-light separator 300 is the same 
as that described in Fig. 1C. The lower polarized-light 
separator 310 has the same functions as the upper 
polarized-light separator 300. Polarized-light separating 
means having such a function, other than the polarized- 
light separator 160 including a combination of the chol- 
esteric liquid crystal layer 164 and the (1/4)X plates 162 
and 166. include that using a multilayered film (USP 
4,974,219), that separating the incident light into 
reflected polarized light and transmitted polarized light 
by means of Brewster's angle (SID 92 DEGEST, pp. 427 
to 429). and that using holograms. 

The left side of the liquid crystal display device is 
referred to as an applied-voltage section 110 whereas 
the right side as a no applied-voltage section 120 for the 
description. 

A display state with light from the light source 190 
will now be described with reference to Fig. 13. 

Unpolarized light incident on the upper polarized- 
light separator 300 from the light source 190 has been 
described with reference to Fig. 1C. and a brighter dis- 
play state than that using a polarizer also has been 
described with reference to Fig. 1C. 

Next, a display state caused by transmission of 
unpolarized light from the light source 190 through the 
TN liquid crystal 140 etc. will be described. 

In the no applied -voltage section 120 on the right 
side, the unpolarized light 121 from the light source 190 
passes through the TN liquid crystal 140 and the light 
diffusion layer 1 50. 

Plane-polarized light perpendicular to the drawing 
among the light components passing through the light 
diffusion layer 1 50 is reflected by the lower polarized- 
light separator 310. and is converted to plane-polarized 
light parallel to the drawing by the TN liquid crystal 140 
by rotating the polarization direction by 90 degrees. 
Plane-polarized light parallel to the drawing passing 
through the light diffusion layer 150 passes through the 



lower polarized-light separator 310 and is emitted 
towards the observer as emitting light 122 without mod- 
ification of the polarization direction. 

Part of the plane-polarized light parallel to the draw- 

5 ing passing through the lower polarized-light separator 
310 is reflected by the coloring layer 170. and passes 
through the lower polarized-light separator 310. The 
plane-polarized light parallel to the drawing is converted 
to plane-polarized light perpendicular to the drawing by 

10 the TN liquid crystal 140 by rotating the polarization 
angle by 90 degrees. The plane-polarized light perpen- 
dicular to the drawing is reflected by the upper polar- 
ized-light separator 300 without modification and goes 
towards the interior of the liquid crystal display device as 

15 reflected light 1 23. The other part of the plane-polarized 
light parallel to the drawing passing through the lower 
polarized-light separator 310 passes through the color- 
ing layer 1 70 while being absorbed in this layer, and is 
reflected by the reflector 180. The reflected light passes 

20 through the coloring layer 170 again while being 
absorbed in this layer, and passes through the lower 
polarized-light separator 31 0 and the light diffusion layer 
150 without modification of the polarization direction. 
The plane-polarized light parallel to the drawing is con- 

25 verted to plane-polarized light perpendicular to the 
drawing in the TN liquid crystal 140 by rotating the 
polarization direction by 90 degrees. The plane-polar- 
ized light perpendicular to the drawing is reflected by 
the upper polarized-light separator 300, and goes as 

30 emitting light 123 towards the interior of the liquid crys- 
tal display device. 

As described above, when no voltage is applied, 
the light from the light source 190 is reflected by the 
lower polarized-light separator 310 and emitted as the 

35 emitting light 122, hence a bright display state is 
achieved. Because the light diffusion layer 1 50 is pro- 
vided between the lower polarized-light separator 310 
and the TN liquid crystal 1 40, the reflected light from the 
lower polarized-light separator 310 changes from mirror 

40 State to white. 

In the applied-voltage section 1 10 on the left side, 
the unpolarized light 111 from the light source 190 
passes through the TN liquid crystal 140 and the light 
diffusion layer 150. 

45 Plane-polarized light perpendicular to the drawing 
from the light diffusion layer 150 is reflected by the lower 
polarized-light separator 310. and passes through the 
light diffusion layer 150 and the TN liquid crystal 140 
without modification of the polarization direction. The 

50 plane-polarized light perpendicular to the drawing is 
reflected by the upper polarized-light separator 300 
without modification, and goes towards the interior of 
the liquid crystal display device as reflected light 113. 
Part of the plane-polarized light parallel to the draw- 

55 ing passing through the lower polarized-light separator 
310 is reflected by the coloring layer 170, passes 
through the lower polarized-light separator 310, the light 
diffusion layer 150. the TN liquid crystal 140. and the 
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upper polarized-light separator 300 without modification 
of the polarization direction, and goes towards the 
observer as emitting light 112. On the other hand, the 
other part of the plane-polarized light parallel to the 
drawing emitted from the lower polarized-light separator 
310 passes through the coloring layer 170 while being 
absorbKJ in the coloring layer 170, and is reflected by 
the reflector 180. The reflected light passes through the 
coloring layer 1 70 while being absortDed in the coloring 
layer 170 again, and passes through the lower polar- 
ized-light separator 310, the light diffusion layer 150. the 
TN liquid crystal 140, and the upper polarized-light sep- 
arator 300 without modification of the polarization direc- 
tion. The plane-polarized light parallel to the drawing 
goes towards the observation side as emitting light 1 12. 

A reflection-type display state when external light is 
incident on the liquid crystal display device will now be 
described with reference to Fig. 1 4. 

In the no applied-voltage section 120 on the right 
side, the external natural light 125 incident on the liquid 
crystal device is converted to plane-polarized light par- 
allel to the drawing by the upper polarized-light separa- 
tor 300 and then converted to plane-polarized light 
perpendicular to the drawing by rotating the polarization 
angle by 90 degrees in the TN liquid crystal 140. The 
plane-polarized light perpendicular to the drawing emit- 
ted from the TN liquid crystal 140 passes through the 
light diffusion layer 150, and is reflected by the lower 
polarized-light separator 310. The reflected light passes 
through the light diffusion layer 150 without modifica- 
tion, and is rotated by 90 degrees in the polarization 
angle in the TN liquid crystal 140 to generate plane- 
polarized light parallel to the drawing. The plane-polar- 
ized light parallel to the drawing from the TN liquid crys- 
tal 140 passes through the lower polarized-light 
separator 310 without modification of the polarization 
direction, and goes towards the observation side as 
emitting light 126. 

As described above, when no voltage is applied, 
the external natural light 125 is reflected by the lower 
polarized-light separator 310, and emitted as the emit- 
ting light 126, hence a bright display state is achieved. 
Because the light diffusion layer 150 is provided 
between the lower polarized-light separator 310 and the 
TN liquid crystal 140, the reflected light from the lower 
polarized-light separator 310 changes from mirror state 
to white. 

In the applied-voltage section 110 on the left side, 
the external natural light 115 incident on the liquid crys- 
tal display device is converted to plane-polarized light 
parallel to the drawing in the upper polarized-light sepa- 
rator 300. The plane-polarized light parallel to the draw- 
ing passes through the TN liquid crystal 140, the light 
diffusion layer 150. and the lower polarized-light separa- 
tor 310 without modification of the polarization direction. 
Part of the plane-polarized light parallel to the drawing 
passing through the lower polarized-light separator 310 
is reflected by the coloring layer 170, and passes 



through the lower polarized-light separator 310, the light 
diffusion layer 150, the TN liquid crystal 140, and the 
upper polarized-light separator 300 without modification 
of the polarization direction. The plane-polarized light 

5 parallel to the drawing goes towards the observation 
side as emitting light 116. The other part of the plane- 
polarized light passes through the coloring layer 170 
while being absorbed in this layer, and is reflected by 
the reflector 180. The reflected light passes through the 

10 coloring layer 170 again while being absorbed in this 
layer, and passes through the lower polarized-light sep- 
arator 310, the light diffusion layer 150 and the TN liquid 
crystal 140 without modification of the polarization 
direction. The plane-polarized light parallel to the draw- 

15 ing passing through the upper polarized-light separator 
300 goes towards the observation side as emitting light 
116. 

In the no applied-voltage section 120 on the right 
side, as described above, the unpolarized light 121 from 

20 the light source 190 is reflected towards the exterior of 
the liquid crystal display device by the lower polarized- 
light separator 310, passes through the upper polar- 
ized-light separator 300, and is emitted from the upper 
polarized-light separator 300 as the emitting light 122. 

25 The external natural light 1 25 is reflected towards the 
exterior of the liquid crystal display device by the lower 
polarized-light separator 310, passes through the upper 
polarized-iight separator 300. and is emitted from the 
upper polarized-light separator 300 as the emitting light 

30 126. As a result, in both case, the light is changed from 
mirror state to white by means of the light diffusion layer 
150, and is emitted from the upper polarized-light sepa- 
rator 300 towards the observer. In the applied-voltage 
section 110 on the left side, the unpolarized light 111 

35 from the light source 190 passes through the lower 
polarized-light separator 310, is colored in the coloring 
layer 1 70, passes through the lower polarized-light sep- 
arator 310 again, passes through the upper polarized- 
light separator 300, and Is emitted from the upper polar- 

40 ized-light separator 300 as the emitting light 112. The 
external natural light 115 passes through the upper 
polarized-light separator 300 and lower polarized-light 
separator 310, and is colored in the coloring layer 170. 
The colored light passes through the lower polarized- 

45 light separator 310 and the upper polarized-light sepa- 
rator 300 again, and is emitted from the upper polar- 
ized-light separator 300 as the emitting light 116. As a 
result, in both case, the light is colored in the coloring 
layer 170, and is emitted from the upper polarized-light 

50 separator 300 towards the observer, hence the same 
display state based on the on-off state of the TN liquid 
crystal 140 Is achieved by both the external light and the 
light from the light source 190. Accordingly, no so-called 
negative-positive reversion will occur between the dis- 
ss play with the external light and the display with the light 
from the light source 190. 

When no voltage is applied, the lower polarized- 
light separator 310 reflects the light 121 from the light 
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source 190 and emits as the emerging light 122. The 
lower polarized-light separator 310 also reflects the 
external natural light 125 and emits as the emerging 
light 126. Accordingly, a bright display state is achieved. 
Since the light diffusion layer 150 is provided between 
the lower poiarized-fight separator 310 and the TN liquid 
crystal 140, the reflected light from the lower polarized- 
light separator 310 changes from mirror state to white. 

As described above, in the no applied-voltage sec- 
tion 120. the light reflected by the lower polarized-light 
separator 310 is scattered in the light diffusion layer 150 
to be white emitting light 122 or 126, whereas in the 
applied-voltage section 110, the light passing through 
the lower polarized-light separator 310 is colored in the 
coloring layer 170 to be color emitting light 112 or 116. 
As a result, a color display Is achieved on a white back- 
ground. When using a black coloring layer 170. all the 
wavelengths in the visible light region are absorbed, and 
hence a black display on a white background is 
achieved. 

Since the reflector 1 80 is provided, the color emit- 
ting light 112 or 116, which is colored in the coloring 
layer 170. is bright. 

Although the TN liquid crystal 140 has been 
described above as an example of the present Inven- 
tion, when using other liquid crystal, in which the polari- 
zation axis changes with the voltage, e.g. a STN liquid 
crystal or an electrically controlled birefringence (ECB) 
liquid crystal, the basic operational principle is the 
same. 

The present invention, based on the above-men- 
tioned operational principle, provides a display device 
comprising: 

a polarization-changing means capable of chang- 
ing a polarization axis; 

a first polarized-light separating means and an opti- 
cal means each provided on the both side of the 
polarization-changing means with the polarization- 
changing means between; and 
a light source capable of illuminating between the 
first polarized-light separating means and the opti- 
cal means: 

wherein the first polarized-light separating 
means transmits plane-polarized light of a given 
first direction among the light, which is incident from 
the polarization-changing means, towards the 
opposite side of the polarization-changing means, 
reflects plane-polarized light of a given second 
direction perpendicular to the given first direction 
towards the polarization-changing means, and 
emits light, which is incident from the opposite side 
of the polarization-changing means on the first 
polarized-light separating means, towards the 
polarization-changing means as the plane-polar- 
ized light of the given first direction; and 
the optical means separates light, which is incident 
on the polarization-changing means, into plane- 



polarized light of a given third direction and plane- 
polarized light of a given fourth direction perpendic- 
ular to the given third direction, and emits at least 
one of the plane-polarized light of the given third 
5 direction and the plane-polarized light of the given 
fourth direction towards the polarization-changing 
means. 

In the present invention, the first polarized-light 

10 separating means transmits the plane-polarized light of 
the given first direction among light components inci- 
dent on the polarization-changing means, and reflects, 
not absorbed the plane-polarized light of the given sec- 
ond direction perpendicular to the first direction towards 

15 the polarization-changing means. Therefore, the plane- 
polarized light of the given first direction among the light 
components from the light source passes through 
towards the opposite direction of the polarization- 
changing means. Further, the plane-polarized light of 

20 the given second direction perpendicular to the first 
direction is emitted from the first polarized-light separat- 
ing means towards the opposite direction of the polari- 
zation-changing means after repeated reflection in the 
display device. A brighter display is achieved for the dis- 

25 play using light from the light source compared with the 
case using a polarizer as the first polarized-light sepa- 
rating means. 

Since the light source can emit light between the 
first polarized-light separating means and the optical 

30 means, two display states (bright and dark ) obtained in 
response to the first and second states ot the polariza- 
tion axis in the polarization-changing means are the 
same in the display with the external light incident on 
the outside of the first polarized-light separating means 

35 and in the display with the light from the light source. 
That is. when the display by the light incident on the out- 
side of the first polarized-light separating means is 
bright in the first display state of the polarization axis in 
the polarization-changing means, the display with the 

40 light from the light source is also bright. Further, when 
the display with the light incident on the outside of the 
first polarized-light separating means is dark in the first 
display state of the polarization axis in the polarization- 
changing means, the display with the light from the light 

45 source is also dark . Therefore, no so-called negative- 
positive reversion will occur between the display with 
the light incident on the outside of the first polarized- 
light separating means and the display with the light 
from the light source. 

50 Preferably, the first polarized-light separating 
means transmits plane-polarized light of a given first 
direction among the light of over substantially the entire 
visible light wavelength range, which is incident from the 
polarization-changing means, towards the opposite side 

55 of the polarization-changing means, reflects plane- 
polarized light of a given second direction towards the 
polarization-changing means, and emits the plane- 
polarized light of the given first direction among the light 
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of over substantially the entire visible light wavelength 
range, which is incident on the opposite side of the 
polarization-changing means, towards the polarization- 
changing means . 

In this way, a transparent or white display can be 
obtained, and a display of a given color can be obtained 
over the entire visible light region. 

Preferably, the first polarized-light separating 
means transmits plane-polarized light of a given first 
direction among the light incident from the polarization- 
changing means, towards the opposite side of the polar- 
ization-changing means as the plane-polarized light of 
the given first direction. 

Preferably, the first poiarized-light separating 
means comprises a composite member piled with a plu- 
rality of layers, and the refractive indices of the layers 
are substantially the same in the given first direction but 
are different from each other in the given second direc- 
tion. 

Preferably, the optical means comprises a second 
polarized-light separating means arranged on the polar- 
ization-changing means, and an optical means 
arranged on the opposite side of the polarization-chang- 
ing means against the second polarized-light separating 
means; 

the light source can emit light between the first 
polarized-light separating means and the second 
polarized-light separating means; 
the second polarized-light separating means trans- 
mits the plane-polarized light of the given third 
direction among the light incident on the polariza- 
tion-changing means, towards the optical element, 
reflects the plane-polarized light of the given fourth 
direction perpendicular to the given third direction 
towards the polarization-changing means, and 
emits the plane-polarized light of the given third 
direction among the light incident on the optical ele- 
ment, towards the polarization-changing means ; 
and 

the optical element emits a given wavelength range 
of light among the light from the second polarized- 
light separating means towards the second poiar- 
ized-light separating means. Preferably, the second 
polarized-light separating means comprises a com- 
posite member piled with a plurality of layers, and 
refractive indices of the layers are substantially the 
same in the given first direction but are different 
from each other in the given second direction. 

In this way, two display states in response to the 
states of the polarization axis in the polarization-chang- 
ing means, that is, a first display state with the light 
reflected by the second polarized-tight separating 
means and a second display state with the light with a 
given wavelength range from the optical element which 
passes through the second polarized-light separating 
means . Since the first display state is reflected, not 



32 

absorbed by the second polarized-light separating 
means, a brighter display is achieved. Also, a color dis- 
play is achieved. 

When the optical means is provided with the sec- 

5 ond polarized-light separating means and the optical 
element, it is preferable that the optical element absorbs 
visible light other than the given wavelength range 
among the light from the second polarized-light separat- 
ing means, reflects the light of the given wavelength 

10 range towards the second polarized-light separating 
means, and simultaneously transmits the light of the 
given wavelength range. More preferat>ly, the optical 
element is a color filter. 

When the optical means is provided with the sec- 

75 ond polarized-light separating means and the optical 
element, and especially, when the optical element 
absorbs visible light other than the given wavelength 
range among the light from the second polarized-light 
separating means, reflects the light of the given wave- 

20 length range towards the second polarized-light sepa- 
rating means, and simultaneously transmits the light of 
the given wavelength range, preferably, the opposite 
side of the second polarized-light separating means 
against the optical element is provided with a reflecting 

25 means; and 

the reflecting means reflects at least the light of the 
given wavelength range towards the optical ele- 
ment. 

30 

In this way, the light from the optical element can 
achieve a bright display of the second polarized-light 
separating means. 

Preferably, the optical means comprises a second 
35 polarized-light separating means arranged on the polar- 
ization-changing means, and an optical means 
arranged on the opposite side of the polarization-chang- 
ing means against the second polarized-light separating 
means; 

40 

the light source can emit light between the first 
polarized-light separating means and the second 
polarized-light separating means; 
the second polarized-light separating means trans- 

45 mits the plane-polarized light of the given third 
direction among the light incident on the polariza- 
tion-changing means, towards the optical element, 
reflects the plane-polarized light of the given fourth 
direction perpendicular to the given third direction 

50 towards the polarization-changing means, and for 
the light incident on the optical element, emits the 
plane-polarized light of the given third direction 
towards the polarization-changing means ; and 
the optical means absorbs light of over substantially 

55 the entire visible light wavelength range from the 
second polarized-light separating means. 

Such a configuration produces a third display state 
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with the light reflected by the second polarized-light 
separating means in response to the polarization axis in 
the polarizing-changing means, and a black display as a 
fourth display state by the light absorption in the optical 
element of over the entire visible light region. Since the 
third display state is t>ased on the light not absorbed but 
reflected by the second polarized-light separating 
means, a bright display is achieved. In this case, the 
optical element is preferably a black absorption member 

Preferably, the second polarized-light separating 
means transmits the plane-polarized light of the given 
third direction among the light of over substantially the 
entire visible light wavelength range, which Is incident 
on the polarization-changing means, towards the optical 
element, reflects the plane-polarized light of the given 
fourth direction towards the polarization-changing 
means, and for the light over substantially the entire vis- 
ible light wavelength range, which is incident on the opti- 
cal element, emits the plane-polarized light of the given 
third direction towards the polarization-changing means 

In this way, a transparent or white display can be 
obtained and a display of a given color can also be 
obtained over the entire visible fight range- 
In this case, preferably the second polarized-light 
separating means transmits the plane-polarized light of 
the given third direction among the light incident on the 
polarization-changing means towards the optical ele- 
ment as the plane-polarized light of the given third direc- 
tion. 

Preferably the optical means comprises a second 
polarized-light separating means arranged on the polar- 
ization-changing means, and an optical means 
arranged on the opposite side of the polarization-chang- 
ing means against the second polarized-light separating 
means: 

the light source can emit light between the first 
polarized-light separating means and the second 
polarized-light separating means; 
the second polarized-light separating means trans- 
mits the plane-polarized light of the given third 
direction among the light incident on the polariza- 
tion-changing means, towards the optical element, 
absorbs the plane-polarized light of the given fourth 
direction perpendicular to the given third direction, 
and for the light incident on the optical element, 
emits the plane-polarized light of the given third 
direction towards the polarization-changing means 
; and 

the optical means reflects light from the second 
polarized-light separating means towards the sec- 
ond polarized-light separating means. 

Such a configuration produces a fifth display state 
with the light passing through the second polarized-light 
separating means and reflected by the optical element 



in response to the state of the polarization axis in the 
polarizing-changing means, and a sixth display state by 
the light absorption in the second polarized-light sepa- 
rating means. In this case, preferably, the second polar- 

5 ized-light separating means is a polarizer. 

A liquid crystal device, and particularly, a TN liquid 
crystal device. STN liquid crystal device, or ECB liquid 
crystal device is preferably used as the polarization- 
changing means. The STN liquid crystal devices include 

10 STN liquid crystal devices using optically anisotropic 
members for color correction. 

The present invention is preferably applied when 
the first polarized-light separating means is arranged on 
the observation side of the display device. 

75 Preferably, the light source is arranged so as to emit 
light between the first polarized-light separating means 
and the polarization-changing means. 

Also preferably, the light source is arranged so as to 
emit light to the interior of the polarization-changing 

20 means. 

Alternatively, the light source may be arranged so 
as to emit light between the polarization-changing 
means and the second polarized-light separating 
means. 

25 Preferably, the display device further comprises a 
second reflecting means, which reflects light from the 
light source towards the interior of the display device. 

These configurations produces a bright display with 
the light from the light source. 

30 Preferably, the light source and the second reflect- 
ing means are arranged between the first polarized-light 
separating means and the polarization-changing 
means, and the second reflecting means has a reflect- 
ing region which is capable of reflecting light from the 

35 light source towards the polarization-changing means, 
in order to achieve a bright display with the light from the 
light source. 

In this case, the reflecting region is preferably pro- 
vided on the periphery of the displaying region of the 
40 display device in plane view. 

Preferably, the second reflecting means comprises 
a reflector, which tilts towards the interior of the display 
device. 

Such a configuration produces a brighter display 
45 with the light from the light source, and is particularly 
effective for the improvement in the brightness of the 
display in the central portion in the display region of the 
display device. 

Preferably, the first polarized-light separating 
50 means is curved so that the central portion thereof is 
more distant from the first polarized-light separating 
means than the end thereof. 

Such a configuration produces a bright display with 
the light from the light source, and is particularly effec- 
55 tive for the improvement in the brightness of the display 
in the central portion in the display region of the display 
device. 

Preferably the display device further comprises an 
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antiglare or antireflection layer, which is provided on the 
opposite side of the polarization-changing means 
against the first polarized-light separating means. 

Such a configuration can suppress glaring and daz- 
zling on the surface of the upper polarized-light separat- 
ing means, and the reflection of external light. 

Preferably the display device further comprises a 
polarizer which is provided on the opposite side of the 
polarization-changing means against the first polarized- 
light separating means. Further, it is preferable that the 
first polarized-light separating means and the polarizer 
have substantially the same polarization axis. 

Such a configuration can enhance polarization 
even if the first polarized-light separating means does 
not show sufficient separation, resulting in a high con- 
trast of the display device. 

Preferably, the display device further comprises a 
light guide plate for guiding light from the light source to 
the interior of the display device. 

Such a configuration can improve brightness of a 
display by means of the light from the light source, tn 
this case, a rectangular opening is preferably provided 
in the central portion of the light guide plate so as to 
expose the display region of the display device. 

Preferably the display device further comprises a 
third reflecting means, which reflects light from the light 
source and emits light between the first polarized-light 
separating means and the optical means. 

Such a configuration produces the high versatility of 
possible positions of the light source and designing. 

Preferably the display device further comprises an 
optically Isotropic transparent plate which is provided 
inside the first polarized-light separating means. 

Such a configuration permits the use of the trans- 
parent plate as a supporting member for the first polar- 
ized-light separating means. Since the transparent plate 
is optically isotropic, it does not affect optical character- 
istics of the display device. 

Preferably the display device further comprises a 
light diffusing means. Such a configuration produces a 
white display with the transparent light. 

The display device in accordance with the present 
invention may be provided with an active device such as 
TFT or MIM. 

The present invention provides an electronic device 
comprising the above-mentioned display device and a 
displaying cover, wherein the first polarized-light sepa- 
rating means is fixed to the inside of the displaying 
cover. 

[BRIEF DESCRTIPTION OF THE DRAWING] 

Fig. 1 includes cross-sectional views for illustrating 
the principle of a display device in accordance with the 
present invention; Figs. 1A. 1B and 1C are cross-sec- 
tional views for illustrating the principle of a display 
device in accordance with the present invention; and 
Fig. 1 D is a cross-sectional view for illustrating the prin- 



ciple of a display device for comparison. 

Fig. 2 is an enlarged isometric view of a polarized- 
light separator used in a display device in accordance 
with the present invention. 
5 Fig. 3 is a cross-sectional view for illustrating the 

principle of a display device in accordance with the 
present invention. 

Rg. 4 is a cross-sectional view for Illustrating the 
principle of a display device in accordance with the 
10 present invention. 

Fig. 5 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
present invention. 

Rg. 6 Is a cross-sectional view for illustrating the 
15 principle of a display device In accordance with the 
present Invention. 

Rg. 7 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
present invention. 
20 Fig. 8 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
present Invention. 

Fig. 9 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
25 present invention. 

Rg. 10 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
present invention. 

Rg. 11 is a cross-sectional view for illustrating the 
30 principle of a display device in accordance with the 
present invention. 

Rg. 12 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
present invention. 
35 Rg. 13 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
present invention. 

Fig. 14 is a cross-sectional view for illustrating the 
principle of a display device in accordance with the 
40 present invention. 

Fig. 15 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance vyith 
a first embodiment of the present invention. 

Fig. 16 is a cross-sectional assembly view for illus- 
45 trating a liquid crystal display device in accordance with 
a second embodiment of the present invention. 

Fig. 17 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a third embodiment of the present Invention. 
50 Rg. 18 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a fourth embodiment of the present invention. 

Fig. 19 includes views for illustrating a liquid crystal 
display device in accordance with a fifth embodiment of 
55 the present invention: Fig. 19(A) Is a cross-sectional 
assembly view; and Fig. 19(B) is a plan view. 

Fig. 20 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
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a sixth embodiment of the present invention. 

Fig. 21 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a seventh embodiment of the present invention. 

Fig. 22 is a aoss-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
an eighth embodiment of the present invention. 

Fig. 23 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a ninth embodiment of the present invention. 

Fig. 24 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a tenth embodiment of the present invention. 

Fig. 25 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
an eleventh embodiment of the present invention. 

Fig. 26 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a twelfth embodiment of the present invention. 

Fig. 27 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in accordance with 
a thirteenth embodiment of the present invention. 

Fig. 28 is a cross-sectional view for illustrating a 
portable telephone using a liquid crystal display device 
in accordance with a fourteenth embodiment of the 
present invention. 

Fig. 29 is a cross-sectional view for illustrating a 
portable telephone using a liquid crystal display device 
in accordance with a fifteenth embodiment of the 
present invention. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

Embodiments of the present invention will now be 
described with reference to the drawings. 

(First Embodiment) 

Fig. 15 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in a first embodi- 
ment in accordance with the present invention. 

A liquid crystal display device 1 in this embodiment 
uses, for example, a TN or STN liquid crystal cell 30 as 
a polarization-changing optical element. An upper 
polarized-light separator 10 is provided above the liquid 
crystal cell 30. A polarizer 55 and a reflector 65 are pro- 
vided under the liquid crystal cell 30 in this order. Lamps 
80 are provided between the upper polarized-light sep- 
arator 10 and the liquid crystal cell 30 at the sides of the 
liquid crystal display device 1 . A liquid crystal 34, such 
as a TN or STN liquid crystal, is sealed in the cell com- 
posed of two glass substrates 31 and 32 and a sealing 
member 33 in the liquid crystal cell 30. 

As the upper polarized-light separator 10 used in 
this embodiment, the polarized-light separator which 
has the same function as the upper polarized-light sep- 
arators shown in Figs. IB. 1C. 2, 5. 6. 7, 8, 1 1 , 12. 13 
and 14 is used. That is, the upper polarized-lighl sepa- 



rator transmits a plane-polarized light component of a 
given second direction, but reflects a plane-polarized 
light component of a first direction perpendicular to the 
second direction among light components entering from 

5 the liquid crystal cell 30. Further, for the light incident on 
the upper face of the upper polarized-light separator 10. 
it emits plane-polarized light of the second direction 
towards the liquid crystal cell 30 . 

Polarized-light separators having such a function 

10 include that composed of a cholesteric liquid crystal 
layer held between two (1/4)X plates, that using a multi- 
layered film, that separating the incident light into 
reflected polarized light and transmitted polarized light 
by means of Brewster's angle, that using holograms. 

15 and those disclosed in laid-open international patents 
(W095/17692 and W095/27919) as reflective polariz- 
ers. In this embodiment, the polarized-light separators 
disclosed in W095/17692 and W095/27919 as reflec- 
tive polarizers, which are shown in Figs. 1C, 2, 7. 8, 13, 

20 and 14, are used. 

As the upper polarized-light separator 10 used in 
this embodiment, the polarized-light separator which 
has the same function as the upper polarized-light sep- 
arators shown in Figs. 1A, 3, 4. 9 and 10 can also be 

25 used. That is, the polarized-light separator transmits a 
plane-polarized light component of a second direction, 
but reflects a plane-polarized light component with a 
first direction perpendicular to the second direction 
among light components entering from the liquid crystal 

30 cell 30. Further, for the light incident on the upper face 
of the upper polarized-light separator 10. it emits plane- 
polarized light of the second direction towards the liquid 
crystal cell 30 . 

Since the operation of the liquid crystal display 

35 device 1 in this embodiment is the same as that of the 
liquid crystal display devices shown in Figs. 5 to 8, the 
detailed description will be omitted. 

The upper polarized-light separator 10 in the liquid 
crystal display device 1 in this embodiment transmits 

40 the plane-polarized light component of the second 
direction among the incident light components on the 
liquid crystal cell 30 as the plane-polarized light, and 
reflects the plane-polarized light component of the first 
direction perpendicular to the second direction without 

45 absorption. Thus, plane-polarized light of the first direc- 
tion among light components from the lamp 80 is trans- 
mitted to the upper face of the upper polarized-light 
separator 10. Also. planeiDolarized light of the second 
direction perpendicular to the first direction passes 

50 through the upper polarized-light separator 10, and is 
emitted from the upper face of the upper polarized-light 
separator 1 0 after repeated reflection in the liquid crys- 
tal display device 1 . A brighter display state can there- 
fore be achieved for the display using light from the lamp 

55 80 compared with the case using a polarizer as the 
upper polarized-light separator 10. 

Since the lamp 80 can emit light between the upper 
polarized-light separator 10 and the liquid crystal cell 
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30. the same display state based on the on-off state of 
the liquid crystal cell 30 is achieved by both the external 
light and the light from the lamp 80. Accordingly, no so- 
called negative-positive reversion will occur between 
the display with the external light and the display with 5 
the light from the lamp 80. 

(Second Embodiment) 

Fig. 16 is a cross- sectional assembly view of a liq- w 
uid crystal display device in a second embodiment in 
accordance with the present invention. 

In a liquid crystal display device 1 in this embodi- 
ment uses, for example, a TN or STN liquid crystal cell 
30 as a polarization-changing optical element. An upper 15 
polarized-llght separator 10 is provided above the liquid 
crystal cell 30. A diffusing plate 40, a lower polarized- 
light separator 50 and a black absorption plate 60 are 
provided under the liquid crystal cell 30 in this order. 
Lamps 80 are provided between the upper polarized- 20 
light separator 10 and the liquid crystal cell 30 at the 
sides of the liquid crystal display device 1 . A liquid crys- 
tal 34, such as a TN or STN liquid crystal, is sealed in 
the cell composed of two glass substrates 31 and 32 
and a sealing member 33 in the liquid crystal cell 30. 25 

As the upper potarized-light separator 10 used in 
this embodiment, the polarized-light separator which 
has the same function as the upper polarized-light sep- 
arators shown in Figs. 1 B, 1 C. 5, 6. 7, 8, 1 1 , 1 2, 1 3 and 
14 is used. That is, the polarized-light separator trans- 3o 
mits a plane-polarized light component of a given sec- 
ond direction, but reflects a plane-polarized light 
component of a first direction perpendicular to the sec- 
ond direction among light components entering from the 
liquid crystal cell 30. Further, for the light incident on the 35 
upper face of the upper polarized-light separator 30, it 
emits plane-polarized light of the second direction 
towards the liquid crystal cell 30 . 

As the lower polarized-light separator 50 used in 
this embodiment, the polarized-light separator which 40 
has the same function as the lower polarized-light sep- 
arators shown in Figs. 11 to 14 is used. That is, the 
lower polarized-light separator transmits the plane- 
polarized light component of the second direction, but 
reflects the plane-polarized light component of the first 45 
direction perpendicular to the second direction among 
light components entering from the liquid crystal cell 30. 
Further, for the light incident on the lower face of the 
lower polarized-light separator 30, it emits plane-polar- 
ized light of the second direction towards the liquid crys- so 
tal cell 30 . 

The polarized-light separators having such a func- 
tion include that composed of a cholesteric liquid crystal 
layer held between two (1/4)^ plates, that using a multi- 
layered film, that separating the incident light into 55 
reflected polarized light and transmitted polarized light 
by means of Brewster's angle, that using holograms, 
and those disclosed in laid-open international patents 



(W095/17692 and W095/27919) as reflective polariz- 
ers. In this embodiment, the polarized-light separators 
shown in Figs. 1C. 2, 7, 8. 13 and 14, which are dis- 
closed in W095/17692 and W095/27919 as reflective 
polarizers, are used. 

As the upper polarized-light separator 10 used in 
this embodiment, the polarized-light separator, which 
has the same function as the upper polarized-light sep- 
arators shown in Figs. 1A. 3, 4, 9 and 10 can also be 
used. That is, the polarized-light separator transmits the 
plane-polarized light component of the second direc- 
tion, but reflects the plane-polarized light component of 
the first direction perpendicular to the second direction 
among light components entering from the liquid crystal 
cell 30. Further, for the light incident on the upper face 
of the upper polarized-light separator 10, it emits plane- 
polarized light of the second direction towards the liquid 
crystal cell 30 . 

As the lower polarized-llght separator 50 used in 
this embodiment, the polarized-light separator which 
has the same function as the lower polarized-light sep- 
arators shown in Figs. 9 and 10 can also be used. That 
is, the polarized-light separator transmits the plane- 
polarized light component of the second direction, but 
reflects the plane-polarized light component of the first 
direction perpendicular to the second direction among 
light components entering from the liquid crystal cell 30. 
Further, for the light incident on the lower face of the 
lower polarized-light separator 50, it emits plane-polar- 
ized light of the second direction towards the liquid crys- 
tal cell 30 . 

Since the operation of the liquid crystal display 
device 1 in this embodiment is the same as that of the 
liquid crystal display devices shown in Figs. 13 and 14, 
the detailed description will be omitted. 

In the no applied-voltage section of the liquid crystal 
display device 1 in this embodiment, the light reflected 
by the lower polarized-light separator 50 is emitted as 
white emitting light by scattering in the diffusing plate 
40, whereas in the applied-voltage section, the light 
passing through the lower polarized-light separator 50 
is absorbed in the black absorption plate 60. Accord- 
ingly, a black display state on a white background is 
achieved. 

The upper polarized-light separator 10 In the liquid 
crystal display device 1 in this embodiment transmits 
the plane-poiarized light component of the second 
direction among the incident light components from the 
liquid crystal cell 30, and reflects the plane-polarized 
light component of the first direction perpendicular to 
the second direction without absorption. Thus, plane- 
polarized light of the first direction among light compo- 
nents from the lamp 80 Is transmitted to the upper face 
of the upper polarized-light separator 10. Also, plane- 
polarized light of the second direction perpendicular to 
the first direction passes through the upper polarized- 
light separator 10 and is emitted to the upper face of the 
upper polarized-light separator 10 after repeated reflec- 
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tion in the liquid crystal display device 1. A brighter dis- 
play state can therefore be achieved for the display 
using light from the lamp 80 compared with the case 
using a polarizer as the upper polarlzed-light separator 
10. 

Since the lamp 80 can emit light between the upper 
polarized-light separator 10 and the liquid crystal cell 
30. the same display state based on the on-off state of 
the liquid crystal cell 30 is achieved by both the external 
light and the light from the lamp 80. Accordingly, no so- 
called negative-positive reversion will occur between 
the display with the external light and the display with 
the light from the lannp 80. 

The lower polarized-light separator 50 transmits the 
plane-polarized light component of the second direction 
among the incident light components from the liquid 
crystal cell 30, and reflects the plane-polarized light 
component of the first direction perpendicular to the 
second direction without absorption. Thus, in the no 
applied -voltage section, the light from the lamp 80 is 
emitted from the liquid crystal display device 1 after 
reflection without absorption by the lower polarized-light 
separator 50. Also, the external light is emitted from the 
liquid crystal display device 1 after reflection without 
absorption by the lower polarized-light separator 50, A 
brighter display state can therefore be achieved. 

(Third Embodiment) 

Fig. 17A is a cross-sectional assembly view for 
illustrating a liquid crystal display device in a third 
embodiment in accordance with the present invention. 

In the second embodiment, the black absorption 
plate 60 is placed under the lower polarized-light sepa- 
rator 50. In the third embodiment, a color filter 72, which 
is formed on a polyethylene terephthalate (PET) film 74 
by printing, is used instead of the black absorption plate 
60. Further, a STN liquid crystal 35 is used for the liquid 
crystal cell 30, and a retardation film 20 is provided on a 
glass substrate 31 . The other configuration is the same 
as that in the second embodiment. The retardation film 
20 is used as an optically anisotropic member for color 
correction in order to correct the coloring which occurs 
in the STN liquid crystal 35. 

In the no applied-voltage section of the liquid crystal 
display device 1 in this embodiment, the light, which is 
reflected by the lower polarized-light separator 50, is 
emitted as emitting light by scattering in the scattering 
plate 40. whereas in the applied-voltage section, the 
light passing through the lower polarized-light separator 
50 is colored in the color filter 72. Accordingly, a color 
display state on a white background is achieved. 

(Modification of this Embodiment) 

In the liquid crystal display device shown in Fig. 
17A. the retardation film 20 is provided on the glass 
substrate 31. In a modified embodiment shown in Fig. 



17B. the retardation film 20 and the upper polarized- 
light separator 10 are integrated and thus the light is 
incident from between the retardation film 20 and the 
liquid aystal cell 30. 

5 

(Fourth Embodiment) 

Fig. 18 is a cross-sectional assembly view of a liq- 
uid crystal display device in a fourth embodiment in 

10 accordance with the present invention. 

In this embodiment, an aluminum (Al) deposition 
film 76 is provided on the rear face of the PET film 74 of 
the third embodiment. The other configuration is the 
same as that of the third embodiment. 

15 The Al deposition film 76 functions as a reflection 
means, which enhances brightness of the color display 
obtained by means of the color filter 72. The retardation 
film 20 and the upper polarized-light separator 10 may 
be integrated as in the modification of the third embodi- 

20 ment so that light may be incident from between the 
retardation film and the liquid crystal cell 30 . 

(Fifth Embodiment) 

25 Fig. 19 is a cross-sectional assembly view of a liq- 
uid crystal display device in a fifth embodiment in 
accordance with the present invention. 

In this embodiment, the device is provided with a 
reflector 82 reflecting the light from the lamp 80 towards 

30 the interior of the liquid crystal display device 1 . The 
other configuration is the same as that of the second 
embodiment. 

The reflector 82 enhances the brightness of the dis- 
play with the light from the lamp 80. 

35 The reflector 82 is provided in rectangular shape on 
the periphery of display section A in the liquid crystal 
display device 1 shown in the plane view. 
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(Sixth Embodiment) 



Fig. 20 is a cross-sectional assembly view of a liq- 
uid crystal display device in a sixth embodiment in 
accordance with the present invention. 

In this embodiment, the reflector 84 is titled so as to 
45 reflect the light from the lamp 80 towards the interior of 
the liquid crystal display device 1, but the other configu- 
ration is the same as that of the fifth embodiment. 

The tilted reflector 84 can reflect the light from the 
lamp 80 towards the central section of the display region 
50 A. resulting in improved brightness in the center of the 
display region A. 

Preferably, the tilt angle of the reflector 84 is par- 
tially changed with consideration for illumination of the 
light. 

55 

(Seventh Embodiment) 

Fig. 21 is a cross-sectional assembly view of a iiq- 
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uid crystal display device in a seventh embcxliment in 
accordance with the present invention. 

In this embodiment, the upper polarized-light sepa- 
rator 10 is curved so that its central portion is more dis- 
tant from the liquid crystal cell 30 than the edge portion, 5 
and a black absorption member 60 is used instead of 
the color filter 72 on the PET film 74. The other configu- 
ration is the same as that of the third embodiment. 

By curving the upper polarized-light separator 10, 
the light from the lamp 80 can be reflects towards the io 
center of the display region, resulting in improved bright- 
ness in the center of the display region. 

(Eighth Embodiment) 

IS 

Fig. 22 is a cross -sectional assembly view for illus- 
trating a liquid crystal display device in an eighth 
embodiment in accordance with the present invention. 

In this embodiment , an antiglare or antirefiection 
film 90 is provided on the upper polarized-light separa- 20 
tor 1 0, but the other configuration is the same as that of 
the second embodiment. 

Such a configuration can suppress glaring and daz- 
zling on the surface of the upper polarized-light separa- 
tor 10, and the reflection of external light. 25 

(Ninth Embodiment) 

Fig. 23A is a cross-sectional assembly view for 
illustrating a liquid crystal display device in a ninth 30 
embodiment in accordance with the present invention: 

In this embodiment, a polarizer 95 is provided on 
the upper polarized-light separator 10 so that the polar- 
izer 95 and the upper polarized-light separator 10 have 
substantially the same polarization axis. The other con- 35 
figuration is the same as that of the second embodi- 
ment. 

Such a configuration can enhance polarization 
even if the upper polarized-light separator 10 does not 
show sufficient separation, resulting in a high contrast of 40 
the liquid crystal display device 1. Further, the polarizer 
95 supports the upper polarized-light separator 10 
when it does not have sufficiently high mechanical 
strength. 

45 

(Modification of the Ninth Embodiment) 

Fig. 23B shows a modification of the liquid crystal 
display device in the ninth embodiment. This embodi- 
ment is the same as the second embodiment except so 
that a STN liquid crystal 34 is used for the liquid crystal 
cell 30, and a retardation film 20 is provided on the glass 
substrate 31 . The retardation film 20 is used as optical 
anisotropy in order to correct the color generated in the 
STN liquid crystal 34. In Fig. 238, the retardation film 55 
20, the upper polarized-light separator 10, and the 
polarizer 95 are integrated, and the light is incident from 
between the retardation film 20 and the liquid crystal 



cell 30- The light can be incident from between the retar- 
dation film 20 and the upper polarized-light separator 
10. 

(Tenth Embodiment) 

Fig. 24 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in a tenth embodi- 
ment in accordance with the present invention. 

In this embodiment, a light guide plate 86 is pro- 
vided for conducting the light from the lamp 80 to the 
interior of the liquid crystal display device 1 . 

Such a configuration can improve brightness of a 
display with the light from the lamp 80. In this embodi- 
ment, a rectangular opening is provided in the central 
portion of the light guide plate 86 so as to expose the 
display section of the liquid crystal display device 1 . In 
this embodiment, a light guide plate, which is used as a 
backlight in a liquid crystal display device, is used after 
modification. 

(Eleventh Embodiment) 

Fig. 25 is a cross-sectional assembly view for illus- 
trating a liquid crystal display device in an eleventh 
embodiment in accordance with the present invention. 

In the first embodiment, the lamps 80 are provided 
between the polarized-light separator 10 and the liquid 
crystal cell 30 at the sides of the liquid crystal display 
device 1 . In the eleventh embodiment, the lamps 80 are 
provided between the liquid crystal cell 30 and the 
polarizer 55 at the sides of the liquid crystal display 
device 1 . The other configuration is the same as that of 
the first embodiment. 

The position of the lamps 80 is also applicable to 
the above-mentioned second to tenth embodiments and 
thirteenth to fourteenth embodiments described later. 

(Twelfth Embodiment) 

Fig. 26 is a cross-sectional assembly view for illus- 
trating a liquid crystal device in the twelfth embodiment 
in accordance with the present invention. 

in the first embodiment, the lamps 80 are provided 
between the polarized-light separator 1 0 and the liquid 
crystal cell 30 at the sides of the liquid crystal display 
device 1 . In the twelfth embodiment, the lamps 80 are 
provided at positions, which the light can be incident 
inside of the liquid crystal cell, at the sides of the liquid 
crystal display device 1 . The other configuration is the 
same as that of the first embodiment. 

The position of the lamps 80 is also applicable to 
the above-mentioned second to tenth embodiments and 
thirteenth to fourteenth embodiments described later. 

(Thirteenth Embodiment) 

Fig. 27 is a cross-sectional assembly view for iltus- 
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trating a liquid crystal device in the thirteenth embodi- 
ment in accordance with the present invention. 

in this embodiment, a reflector 82 reflecting the light 
from the lamp 80 towards the interior of the liquid crystal 
display device 1 is provided. The other configuration is 
the same as that of the fourth embodiment. 

The reflector 82 can enhance the brightness of the 
display with the light from the lamp 80. 

The reflector 82 is provided in rectangular shape on 
the periphery of the display section in the liquid crystal 
display device 1 in plane view. 

(Fourteenth Embodiment) 

Fig. 28 is a cross-sectional view for illustrating a 
portable telephone 200 using a liquid crystal device in 
the fourteenth embodiment in accordance with the 
present invention. 

The portable telephone 200 includes the liquid 
crystal display device 1 of the fourth embodiment in the 
body 220, and the upper polarized-light separator 10 of 
the liquid crystal display device 1 is fixed to the inside of 
a transparent cover film 210 of the portable telephone 
200. An antiglare or anti reflection film 90 is provided on 
the transparent cover film 210. 

(Fifteenth Embodiment) 

Fig. 29 is a cross-sectional view for illustrating a 
portable telephone 200 using a liquid crystal device in 
the fifteenth embodiment in accordance with the 
present invention. The cross-sectional view corre- 
sponds to a cross-sectional view when the portable tel- 
ephone 200 is perpendicularly cut along the longitudinal 
direction. 

The portable telephone 200 includes a liquid crystal 
display device 1 in the body case 230 provided with a 
transparent cover film 210. The liquid crystal display 
device 1 used In this embodiment is different from the 
liquid crystal display device 1 in the fourth embodiment 
as follows. A polarizer 95 is provided on the upper polar- 
ized-light separator 10 as in the ninth embodiment. The 
polarizer 95 and the upper poiarized-light separator 10 
have substantially the same polarization axis. An opti- 
cally isotropic acrylic plate 240 is provided between the 
upper polarized-light separator 10 and the retardation 
film 20 to fix the polarizer 95 and the upper polarized- 
light separator 10. LEDs 250 are provided on a PCB 
substrate 270 of the potable telephone body under the 
liquid crystal display device 1 instead of the lamp 80. 
Further, reflectors 260 are provided to conduct the light 
from the LEDs 250 to the sides of the liquid crystal dis- 
play device 1 . The other configuration is the same as 
that of the fourth embodiment. 

The distance between the upper polarized-light 
separator 1 0 and the retardation film 20 is set to approx- 
imately 0.5 mm to 1.5 mm so that the light from the 
LEDs 250, which is reflected by the reflector 260, satis- 



factorily reaches the upper poiarized-light separator 10, 
particularly its central portion. The reflector 260 is 
attached to the body case 230. 

5 [ADVANTAGES] 

In the present invention, the first polarized-light 
separating means transmits the plane-polarized light of 
the given first direction among light components inci- 

10 dent on the polarization-changing means, and reflects 
without absorption the plane-polarized light of the given 
second direction perpendicular to the first direction 
towards the polarization-changing means. The plane- 
polarized light of the given first direction among the light 

75 components from the light source is transmitted towards 
the opposite direction of the polarization-changing 
means. Also, the plane-polarized light of the given sec- 
ond direction perpendicular to the first direction is trans- 
mitted through the first polarized-light separating means 

20 and is emitted towards the opposite direction of the 
polarization-changing means after repeated reflection 
in the display device. A brighter display is achieved for 
the display using the light from the light source com- 
pared with the case using a polarizer as the first polar- 

25 ized -light separating means. 

Since the light source can emit light between the 
first polarized-light separating means and the optical 
means, two display states (bright and dark ) obtained in 
response to the first and second states of the polariza- 

30 tion axis in the polarization-changing means are the 
same in the display with the external light incident on 
the outer face of the first polarized-light separating 
means and in the display with the light from the light 
source. No so-called negative-positive reversion will 

35 occur between the display with the light incident on the 
outer face of the first polarized-light separating means 
and the display with the light from the light source. 

The optical means comprises a second polarized- 
light separating means arranged on the polarization- 

40 changing means, and an optical element an-anged on 
the opposite side of the polarization-changing means 
against the second polarized-light separating means; 
. wherein the light source can emit light between the first 
polarized-light separating means and the second polar- 

45 ized-light separating means, the second polarized-light 
separating means transmits the plane-polarized light of 
the given third direction among the light, which is inci- 
dent on the polarization-changing means, towards the 
optical element, reflects the plane-polarized light of the 

50 given fourth direction perpendicular to the given third 
direction towards the polarization-changing means, and 
for the light incident on the optical element, emits the 
plane-polarized light of the given third direction towards 
the polarization-changing means , and the optical 

55 means can emit a given wavelength range of light 
among the light from the second polarized-light separat- 
ing means towards the second polarized-light separat- 
ing means. 
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Such a configuration produces two display states In 
response to the states of the polarization axis in the 
polarization-changing means, that is, a first display 
state with the light reflected by the second polarized- 
light separating means and a second display state with 
the light having a given wavelength range which passes 
through the second polarized-iight separating means 
from the optical element. Since the first display state is 
based on the light not absortDed but reflected by the sec- 
ond polarized-light separating means, a brighter display 
is achieved. Also, a color display is achieved. 

The optical means comprises a second polarized- 
light separating means arranged on the polarization- 
changing means, and an optical means arranged on the 
opposite side of the polarization-changing means 
against the second polarized-light separating means; 
wherein the light source can emit light between the first 
polarized-light separating means and the secortd polar- 
ized-light separating means, the second polarized-light 
separating means transmits the plane-polarized light of 
the given third direction among the light, which is inci- 
dent on the polarization-changing means, towards the 
optical element, reflects the plane-polarized light of the 
given fourth direction perpendicular to the given third 
direction towards the polarization-changing means, and 
for the light incident on the optical element, emits the 
plane-polarized light of the given third direction towards 
the polarization-changing means , and the optical ele- 
ment absorbs light over substantially the entire visible 
light wavelength range from the second polarized-light 
separating means. 

Such a configuration produces a third display state 
with the light reflected by the second polarized-light 
separating means in response to the polarization axis in 
the polarizing-changing means, and a black display as a 
fourth display state by the light absorption in the optical 
element over the entire visible light region. Since the 
third display state is based on the light not absorbed but 
reflected by the second polarized-light separating 
means, a brighter display is achieved. 

Claims 

1 . A display device comprising: 

a polarization-changing means capable of 
changing a polarization axis; 
a first polarized-light separating means and an 
optical means each provided on both sides of 
said polarization-changing means with said 
polarization-changing means between; and 
a light source capable of illuminating between 
said first polarized-light separating means and 
said optical means: 

wherein said first polarized-light sepa- 
rating means transmits plane-polarized light of 
a given first direction among the light, which is 
incident from said polarization-changing 



means, towards the opposite side of said polar- 
ization-changing means against said first polar- 
ized-light separating means, reflects plane- 
polarized light of a given second direction per- 

5 pendtcular to said given first direction towards 

said polarization-changing means, and for light 
incident on the opposite side of said polariza- 
tion-changing means against said first polar- 
ized-light separating means, emits said plane- 

10 polarized light of said given first direction 

towards said polarization-changing means ; 
and 

said optical means separates light, which Is 
incident on said polarization-changing means, 
into plane-polarized light of a given third direc- 
tion and plane-polarized fight of a given fourth 
direction perperxiicular to said given third 
direction, and emits at least one of said plane- 
polarized light of said given third direction and 
said plane-polarized light of said given fourth 
direction towards said polarization-changing 
means. 

2. A display device according to claim 1 , wherein said 
first polarized-light separating means transmits 
plane-polarized light of a given first direction among 
the light over substantially the entire visible light 
wavelength range, which is incident from said polar- 
ization-changing means, towards the opposite side 
of said polarization -changing means against said 
first polarized-light separating means, reflects 
plane-polarized light of a given second direction 
towards said polarization-changing means, and for 
light over substantially the entire visible light wave- 
length range, which is incident on the opposite side 
of said polarization-changing means against said 
first polarized-light separating means, emits said 
plane-polarized light of said given first direction 
towards said polarization-changing means . 

3. A display device according to either claim 1 or 2, 
wherein said first polarized-light separating means 
transmits plane-polarized light of a given first direc- 
tion among the light, which is incident from said 

45 polarization-changing means, towards the opposite 
side of said polarization-changing means against 
said first polarized-light separating means as said 
plane-polarized light of said given first direction. 

50 4. A display device according to any one of claims 1 to 
3. wherein said first polarized-light separating 
means comprises a composite member piled with a 
plurality of layers, and the refractive indices of said 
layers are substarTtially the same in said given first 

55 direction but are different from each other in said 
given second direction. * 

5. A display device according to any one of claims 1 to 
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4, wherein said optical means comprises a second 
polarized-ilght separating means arranged on said 
polarization-changing means, and an optical ele- 
ment arranged on the opposite side of said polari- 
zation-changing means against said second 5 
polarized-light separating means; 

said light source can illuminate between said 
first polarized-light separating means and said 
second polarized-light separating means; 10 
said second polarized-light separating means 
transmits said plane-polarized light of said 
given third direction among the light, which is 
incident on said polarization-changing means,* 
towards said optical element, reflects said is 
plane-polarized light of said given fourth direc- 
tion perpendicular to said given third direction 
towards said polarization-changing means, 
and for the light incident on said optical ele- 
ment, emits said piane-polarized light of said 20 
given third direction towards said polarization- 
changing means ; and 

said optical element transmits a given wave- 
length range of light among the light from said 
second polarized-light separating means 25 
towards said second polarized-light separating 
means. 

6. A display device according to claims, wherein said 
second polarized-light separating means com- 30 
prises a composite member piled with a plurality of 
layers, and the refractive indices 0I said layers are 
substantially the same in said given third direction 

but are different from each other in said given fourth 
direction. 35 

7. A display device according to claim 5, wherein said 
optical element absorbs visible light other than said 
given wavelength range among the light from said 
second polarized-light separating means, reflects 40 
the light of said given wavelength range towards 
said second poiarized-light separating means, and , 
simultaneously transmits the light of said given 
wavelength range. 

45 

8. A display device according to claim 7, wherein said 
optical element is a color filter. 

9. A display device according to any one of claims 5 to 

8, comprises a reflecting means on the opposite so 
side of said second polarized-iight separating 
means against said optical element ; and 

said reflecting means reflects at least the light 
of said given wavelength range towards said ss 
optical element 

1 0. A display device according to any one of claims 1 to 



4. wherein said optical means comprises a second 
polarized-light separating means arranged on said 
polarization-changing means, and an optical ele- 
ment arranged on the opposite side of said polari- 
zation-changing means against said second 
polarized-light separating means; 

said light source can illuminate between said 
first polarized-light separating means and said 
second polarized-light separating means; 
said second polarized-light separating means 
transmits said plane-polarized light of said 
given third direction among the light, which is 
incident on said polarization-changing means, 
towards said optical element, reflects said 
plane-polarized light of said given fourth direc- 
tion perpendicular to said given third direction 
towards said polarization-changing means, 
and for the light incident on said optical ele- 
ment, emits said plane-polarized light of said 
given third direction towards said polarization- 
changing means ; and 

said optical element absorbs light over sub- 
stantially the entire visible light wavelength 
range from said second polarized-light separat- 
ing means. 

11. A display device according to claim 10, wherein 
said optical element is a black absorption member. 

1 2. A display device according to any one of claims 5 to 
1 1 , wherein said second polarized-light separating 
means transmits said piane-polarized light of said 
given third direction among the light over substan- 
tially the entire visible light wavelength range, which 
is incident on said polarization-changing means, 
towards said optical element, reflects said plane- 
polarized light of said given fourth direction towards 
said polarization-changing means, and for the light 
over substantially the entire visible light wavelength 
range, which is incident on said optical element, 
emits said plane-polarized light 0I said given third 
direction towards said polarization-changing means 



1 3. A display device according to any one of claims 5 to 
12, wherein said second polarized-light separating 
means transmits said plane-polarized light of said 
given third direction among the light incident on 
said polarization-changing means towards said 
optical element as said plane-polarized light of said 
given third direction. 

14. A display device according to claim 1 , wherein said 
optical means comprises a second polarized-light 
separating means arranged on said polarization- 
changing means, and an optical element arranged 
on the opposite side of said polarization-changing 
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means against said second polarized-light separat- 
ing means; 

said light source can illuminate between said 
first polarized-light separating means and said 5 
second polarized-light separating means; 
said second polarized-light separating means 
transmits said plane-polarized light of said 
given third direction among the light, which is 
incident on said polarization-changing means. io 
towards said optical elemerrt. absorbs said 
plane-polarized light of said given fourth direc- 
tion perpendicular to said third direction, and 
for the light incident on said optical element, 
emits said plane-polarized light of said given is 
third direction towards said polarization-chang- 
ing means ; and 

said optical element reflects light from said sec- 
ond polarized-light separating means towards 
said second polarized-light separating means. 20 

15. A display device according to claim 14, wherein 
said second polarized-light separating means is a 
polarizer. 
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1 6. A display device according to any one of claims 1 to 

15. wherein said polarization-changing means is a 
liquid crystal element . 

1 7. A display device according to any one of claims 1 to 

16. wherein said first polarized-light separating 
means is arranged on the observation side of said 
display device. 



18. A display device according to any one of claims 1 to 35 
17, wherein said light source is arranged so as to 
illuminate between said first polarized-light separat- 
ing means and said polarization-changing means. 

1 9. A display device according to any one of claims 1 to 4o 
17. wherein said light source is arranged so as to 
illuminate the interior of said polarization-changing 
means. 

20. A display device according to any one of claims 5 to 45 
1 7, wherein said light source is arranged so as to 
illuminate between said polahzation-changing 
means and said second polarized-light separating 
means. 

50 

21 . A display device according to any one of claims 1 to 
20, wherein said display device further comprises a 
second reflecting means which reflects light from 
said light source towards the interior of said display 
device. ss 

22. A display device according to Claim 21, wherein 
said light source and said second reflecting means 



are arranged between said first polarized-light sep- 
arating means and said polarization-changing 
means, and said second reflecting means has a 
reflecting region for reflecting light from the light 
source towards said polarization-changing means. 

23. A display device according to Claim 22. wherein 
said reflecting region is provided on the periphery 
of the displaying region of said display device in 
plane view. 

24. A display device according to any one of claims 21 
to 23, wherein said second reflecting means com- 
prises a reflector which tilts towards the interior of 
said display device. 

25. A display device according to any one of claims 1 to 

24, wherein said first polarized-light separating 
means is curved so that the central portion thereof 
is more distant from said first polarized-light sepa- 
rating means than the edge thereof. 

26. A display device according to any one of claims 1 to 

25, wherein said display device further comprises 
an antiglare or antiref lection layer which is provided 
on the opposite side of said polarization-changing 
means against said first polarized-light separating 
means. 

27. A display device according to any one of claims 1 to 

26, wherein said display device further comprises a 
polarizer which is provided on the opposite side of 
said polarization-changing means against said first 
polarized-light separating means. 

28. A display device according to any one of claims 1 to 

27, wherein said display device further comprises a 
light guide plate for guiding light from the light 
source to the interior of said display device. 

29. A display device according to any one of claims 1 to 
28 . wherein said display device further comprises a 
third reflecting means which reflects light from said 
light source and illuminates between said first 
polarized-light separating means and said optical 
means. 

30. A display device according to any one of claims 1 to 

29. wherein said display device further comprises 
an optically isotropic transparent plate which is pro- 
vided inside said first polarized-light separating 
means. 

31 . A display device according to any one of claims 1 to 

30. wherein said display device further comprises a 
light diffusing means. 

32. An electronic device comprising a display device 



27 



BNSDOCIO; <EP 0867746A1_L> 




53 EP 0 867 746 A1 

according to any one of claims 1 to 31 and a dis- 
playing cover, said first poiarized-iight separating 
means being fixed to the inside of said displaying 
cover. 
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[Fig. 3] 
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[Fig- 4] 
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[Fig. 5] 
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[Fig. 6] 
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[Fig. 7] 
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[Fig. 9] 
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[Fig. 10] 
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[Fig. 13] 
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